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ASSTHACT

Current fertilizer recommendations generally reflect inadequate

attention to economic considerations. Although much research has

been carried on in the past to promote the efficient use of fertilizer,

this neglect of economic considerations remains. Many of the past

efforts have been directed toward the maximization of yields, which

is usually inconsistent with the more important concern of maximizing

profits. Profits are increased only so long as the cost of adding

fertilizer inputs is less than the added return derived from their use.

As the data needed to determine more accurately the optimum rate

and combinations of fertilizer nutrients to use have generally been

lacking, a project designed to produce such data was sponsored Jointly

by the Departments of Agricultural Economics and Soil Science of the

Michigan State Experiment Station. The crOps studied are corn, oats,

wheat and alfalfa-brome in rotation. The variable nutrients studied

are nitrogen, phosphorus and potassium. The data produced by these

experiments permit more adequate analysis of fertilization rates,

ratios and ultimately of crop sequences and fertility residuals.

Only the corn data obtained from the first year of experimentation are

analyzed in this thesis.

The analysis of these data are based on the concept of a continuous

mathematical production function. According to this concept, yield

responses to different fertilizer nutrients may be described by a

continuous mathematical function which shows yield to be dependent

upon the levels of the variable fertility nutrients. The optimum





application occurs where the value of a decreasing marginal product

(first derivative of yield with respect to an input) is equal to the

cost (price, under perfect competition) of adding another unit of

input. .

Four three-variable functions were fitted to the eXperimental

data. after applying various statistical tests and less objective

criteria, it was decided that the best fit was obtained by using the

Carter-halter equation of the form:

.b h b P b K

1 ‘ a N 1C1 P 2C2 5 303

where I is yield and m, P and K are m, P205 and K20 respectively.

Only nitrogen was found to influence yield with the effects of phos-

phorus and potassium being statistically insignificant.

The equation was refitted using only nitrogen as an independent

variable. The predicted yields given by the use of this equation

were found to agree favorably with the averages of the observed yields

at the various rates of nitrogen application.

The solution for the optimal quantity of nitrogen to apply was

shown to be dependent upon the prices of both corn and nitrogen. For

1955, it was found that the recommended fertilization practices were

far from those maximizing profits. The data, as analyzed, point out

the need for information about the probability distribution of returns

over time as well as for Specific recommendations.

An empirical production function on which to base fertilizer

recommendations should be based on data for a period of years.

A production function fitted to such data would "average out" between
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investigation.
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CHAPTER I

THE PROBLEM DEFINED

Introduction

Though the physical benefits of using commercial fertilizer in

crop production are widely recognized, its economical use has not

been adequately studied. As the productive contribution of fertilizer

depends on the amounts and ratios of nutrients used, the yields result-

ing from different amounts and ratios must be known before accurate

profit maximizing decisions can be made concerning its use. Efforts

to make the use of fertilizer more profitable have been made for many

|years, with the problem becoming more important as the use of this

resource has increased. The purpose of this study is to describe and

apply research techniques of value in incorporating economic consider-

ations into fertilizer recommendations and to point out several prob-

lems involved in such research and made evident by their application.

Contrary to an all too common belief, maximization of yields is

not necessarily desirable. For the commercial farmer, a major concern

is profit maximization, Maximum yields are seldom associated with

maximum profits. Economically, higher yields are desirable to the

extent they can be secured at an added cost less than their added

1

value.

 

1 .

This basic economic principle occurs throughout the literature of

economics. A discussion of its application to agronomic prOblems is

contained in: Earl O. Heady and'W. D. Shrader, "The Interrelation-

ships of Agronomy and Economics in.Research and Recommendations to

Farmers,‘ Agronomy Journal, VL (October, 1953) pp. h96-502.



When an entire industry maximizes profits from the use of all

inputs it employee, the difference between the total value of products

produced by the industry and the value of items used by that industry

is maximized within restrictions imposed by certain fixed elements in

the situation, such as the distribution of fixed assets, technology,

the institutional set up, the asset ownership pattern, etc. 'When

profits are maximized, within these restrictions, the industry can be

said to be operating at maximum efficiency.

The basis for Current Fertilization Recommendations

The Logical Frameworijehind Current Recommendations - In the

past and to a major extent at present not enough systematic effort

has been made to incorporate economic considerations into the fertilizer

recommendations of agriculturists. This circumstance was brought on

‘by several factors; first, a primary concern of agriculturists has'been

to motivate farmers to use fertilizer in any quantity with only minor

concern given to economic considerations; second, agronomists have had

a primary interest in variance type studies for investigating reSponses

to discrete treatments and the relation of such reaponses to soil

characteristics rather than deriving response estimates to which

economic interpretations might be attached: and third, until recently,

fertilization experiments have been designed and conducted primarily

by agronomists with economists taking little interest. Consequently,

the economic aSpects of fertilizer use have not been emphasized and

techniques for determining the optimum application have been applied

slowly.



Customarily, fertilizer recommendations to farmers have been

based upon the results of field trials. Use of these trials has the

limitation that recommendations are derived from experiments performed

on only a partial list of the many soil types that may exist in a

state. In.Michigan there are three hundred such types recognized and

it is a physical impossibility to test crops on all soils.2 Therefore,

recommendations made for all soil types must be generalized from

experiments on only a few types. Fortunately, field trials have not

been the only basis for recommendations. Other factors such as

differences in cropping practices, past fertilization, the practic-

ability and availability of the fertilizer recommended are commonly

taken into account. Because the most profitable amount of fertilizer

is not always used as a result of risk and uncertainty,3 such con-

siderations also condition recommendations made to farmers. These

and other factors less known to agriculturists 4 make it necessary for

recommendations to be based on general experience and judgment as well

as experimental evidence.

 

2Department of Soil Science and horticulture, Cooperative Extension

Service, Fertilizer Recommendations for Michigan Crops, Extension

Bulletin 159, Michigan State University,‘East Lansing, Michigan,

June, 1953.

3A recent example of an empirical verification of this commonly

believed notion can be found.in: Myron E. Wirth, I'Production Responses

to Agriculture Controls in Four Michigan Farming Areas in l9Sh,” un-

published M. S. thesis, Department of Agricultural Economics, Michigan

State University, 1956, pp. h6.

4The term agriculturist will be used in this study to refer to the con-

tributors to the solution of the problem made by both the agronomist

and economist. It is used because it expresses the interdependence

of the two disciplines in the solutions arrived at.



A quarter of a century ago VanSlyke5 suggested that "In the very

nature of the case, the question of quantities and proportions of

plant food to be used must always remain.more or less a matter of

individual experience and observation." he further states that each

farmer should regard each fertilization as an experiment which should

be repeated continuously until the most economical use of plant food

is reached. This general trial and error suggestion has changed

little through the years. In 1955 Collings6 wrote, 'The kinds of

fertilizer a farmer should apply, and the most profitable amounts for

him to use are always somewhat of a guess, although his practice may

be based on results of fertilizer test plots, field observations and

use of improved soil testing techniques and leaf analysis methods.‘

While such hit-or-miss recommendations have undoubtedly resulted in

increased profits for those following them, they will seldom result

in the maximum economic returns possible.

The Empirical Basis - Present and past recommendations are often
 

based on experiments which vary one variable nutrient or nutrient

ratio at a time. Other variables are held constant at some level

well above that at which deficiencies occur. This procedure usually

either assumes that the response to the experimental variable is the

same regardless of the level of the nonexperimental variables or, if

this is not so, that farmers are interested only in the response

 

5Lucius L. VanSlyke, Fertilizer andgCrop Production, (new York:

Orange Judd Publishing Co., Inc., 1932), pp. 3h9.

6Gilbearth H. Collings, Commercial Fertilizers, (5th ed., New York:

McGrawbhill Book 00., Inc., 1955), pp.‘h92.

 

 



relationship associated with the fixed levels of the other variables.

Thus, interaction of responses to the different nutrients as factors

of production are somewhat underemphasized though many experiments

show the hnportance of this phenomenon.

Analysis of experiments involving different rates of a single

nutrient or single nutrient ratio usually consists of the determining

of the mean yield for each discrete treatment and the statistical

significance of that mean. One of these treatments is then designated

as the "most profitable" or optimum application rate. The statistical

significance of differences between treatment means is found either

by variance analysis or by inspection of the data. Least significant

differences may be computed. Such computations involve a comparison

of the variance around treatment means with the variation between

treatment means. The computed LSD then serves as an aid in locating

the treatment rate beyond which no significant response occurs.

The location of the "best treatment" by inspection of the data

usually predominates in the analysis of results from those more

complex experiments that may involve more than one independent vari-

able. Odland and Allbrighten illustrated these procedures by analyzing

the results of an experiment involving nitrogen, phosphate and potash

in the production of silage corn.7 Four levels of nitrogen and three

levels each of phOSphate and potash were used in twenty-four of the

thirty-sinpossible combinations. Analysis of variance indicated

 

7T. E. Odland and H. B. Allbrighten, “The Effect of Various Amounts

of Nitrogen PhOSphoric Acid, and Potash on the fields of Sila e Corn,"

Proceedings of the Soil Science Society of America, XIV (l9h9 , pp.

221-223. ,



that there were significant differences in yields due to the effect

of the various treatments. The average effect of each nutrient at

the various levels, disregarding the levels of the other two nutrients,

were then set in tabular form. Inspection of this table produced the

level of each nutrient that "seems to promise maximum economic

returns."

This type of experimental evidence, together with the experience

and judgment of the individual making the recommendation, servesas

the bases on which recommendations to farmers have been made. The

question of opportunity costs and of price considerations has usually

been omitted when recommendations have been made.

The salvation of using the present methods lies in the fact that

profits are realized by using the recommendations so determined.

While this is doubtless of value, the high profit application of

fertilizer is not determined nor do such procedures show'how the

most profitable combination varies with prices of the product and of

the fertilizer nutrients. is competition under cost-price squeezes

intensifies, information which leads to the highest profit use of

fertilizer will become increasingly important to the farm operator.

The Problem Stated

The problem of incorporating economic considerations into

recommendations is twofold. The first is to secure data which permit

an appropriate economic analysis. This portion of the problem

requires experiments specifically designed for this purpose. The

 

8

Ibid.

 



second part of the problem is that of analyzing the results of field

experiments so as to be able to make recommendations as to the most

economic amounts of fertilizer to apply.

In the past, field experiments have not been designed to yield

data which permit estimation of economically optimum applications of

fertilizer. Data from past experiments are usually inadequate for

a number of reasons. First, in.most cases, only one nutrient, or one

ratio of nutrients, has been permitted to vary, while holding all

other conditions constant. 'While control over unstudied variables

is a scientific necessity, it is desirable to vary more of the

fertilizer nutrients under investigation in order to determine their

interaction effects as well as their "primary" effects on yield.

Secondly, many designs used do not include enough rates of applica-

tion, nor combinations of nutrients at high enough levels to reach

the point of maximum yield.

Emperimental results are needed to provide data over a range of

input levels wide enough to permit characterization of the economically

relevant portion of the input-output relationship. This necessitates

enough rates of application to provide sufficient information about

the relationships to permit identification of the point of maximum

profit under varying price conditions”

.1 further reason for inadequate economic interpretation of

fertiliZer data has been the failure to employ appropriate economic

concepts and principles in analysis. The methods of analysis described

in the previous section are inadequate to accomplish this.





The immediate need is for adequate input-output data necessary

for the estimation of the functional relationship that exists between

fertilizer and yield. After such a relationship is derived the

optimal application for the apprOpriate price situation may be found

‘by using appropriate economic concepts and principles.

The General Procedure to be Followed

In 1955 a project was initiated to secure the necessary data

for an economic analysis of fertilizer use. This project was sponsored

jointly by the Department of Agricultural Economics and Soil Science

of Michigan State University. It includes a field experiment designed

primarily to furnish data amenable to economic analysis as well as

data of more agronomical interest. Members of both departments took

active part in nearly all phases of the project including the design

of the field experiments.

After the data were secured, estimates of the relationship between

nutrients applied and yield were constructed. This estimation pro-

cedure was an intregal part of the analysis. From the estimated

input-output relationship, expressed in a mathematical form, the solu-

tionsof the most profitable rate and ratio of nutrients are found

simultaneously.

‘While the method of deriving estimates of input-output relation-

ships and determining optimum fertilizer applications from them is

the most promising method for incorporating economic considerations

into fertilizer recommendations, it is not without problems. Some

of these problems are unique to this method of analysis but most are



present regardless of the methods used. The degree of refinement

characteristic of this method makesobvious some shortcomings of

field experimentation which have previously been overlooked.

Organization of Thesis

The concept of a production function and its economic implica-

tions will be presented in Chapter II. This discussion will serve

as a basis for the analysis of the empirical data to be used in the

analytical phase of this study.

The sources of empirical data will be discussed in Chapter III.

Chapter IV will deal primarily with a description of the statistical

analysis performed on the data. An appropriate mathematical function

will be derived and the economic applications considered.

Chapter V will deal further with the interpretations of the

results obtained in Chapter IV while Chapter VI will deal with the

problems encountered in this type of research.

The summary and conclusions of the study will be presented in

Chapter VII.



CHEPTER II

ThE CONCEPT AND VALUE OF MKI‘HHVLTICAL PRODUCTION FUNCTIONS

The methods employed in this thesis for determining high profit

combinations and amounts of fertilizers require the use of continuous

mathematically expressed production functions. This chapter will

clarify the concept of a production function and indicate its value

in determining high profit combinations and amounts of fertilizer.

The Concept of a Production Function

Behind the present attempt to improve the methods of making

fertilizer recommendations is the concept of a production.function.

According to this concept, yield reSponses to fertilizer applications

may be characterized by a continuous mathematical function. Output or

production as the dependent variable is regarded as a function of

inputs. In agronomic work such a function is commonly referred to

as the response curve if only one nutrient is involved. If the

assumptions of continuous functions are met, it is possible to describe

such relationships mathematically. This in turn makes it possible to

dismiss graphic forms which are limited in usefulness and work with

their logical but mucn more versatile equivalent--a continuous

mathematical function.1 If such continuous mathematical functions

can be derived, well known mathematical operations can be carried out

 

1

Geometric, as contrasted to algebraic methods of analysis, are

useful in investigating relationships prior to selecting and

fitting mathematical functions.
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to locate various optima. Thus, in the analytical work necessary

for determining economic optima, it is convenient, but not essential,

for fertilizer yield relationships to be expressed as a continuous

mathematical function.

Crop production is a complex process involving many variables

other than fertilizer nutrients. The production function describing

production of a given crop is a sub-function of a more general

function involving all products and all inputs or resources. This

over-all function is far too complex and extensive to be dealt with

and must be reduced to manageable sub-functions. The sub-function

involved in producing one crop may be written in the form:

Yield - f(plant nutrients, air, moisture, soil properties,

heat, Xi,...Xn)

where (Xi....Xn) represents all other growth factors. The complexity

of even this function exceeds our present mental and computational

capacities. Therefore, in most studies it is necessary to Specify a

still more detailed and simpler sub-function such as:

field of corn - f(m, P205, and KEG/air, moisture, Xi....Xn) + u

This more Specific function states that the yield of corn is dependent

upon N, P205 and K20 which are studied variables, with air, moisture

and all other inputs (Xi....Xn) fixed at specific conditions or levels.

The 'u" in the equation represents an influence on yields of the

uncontrolled and unstudied variables present. The causes of the u's

and hence the u's, themselves, are assumed to be randomly and
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independently distributed with reSpect to the studied variables.

If these assumptions are met, the effect of these uncontrolled and

unstudied variables can be 'averaged out" with statistical procedures.

Once the relationship between fertilizer and yield is expressed

mathematically, incremental responses to the use of fertilizer can

be determined. Mathematical functions representing physical input-

output relationships can be converted to ”budget" or profit functions

if input and output prices are known. ‘Well known mathematical

procedures are available for locating the high profit point on such

functions.2 Such points vary with price changes and can be easily

relocated for any new set of given prices. As such they provide a

basis for Specific profit maximizing fertilizer recommendations in

contrast to less accurate recommendations characteristically resulting

from the experience and analysis of field experiments previously

discussed in Chapter I.

Problems in Choosing Functions

There are an infinite number of mathematical functions which

might express the functional relationship between yields and fertilizer.

applications. Thus, the problem becomes one of choosing a function

that is in some way best or better than others for the purpose of

 

2Glenn L. Johnson, ”Interdisciplinary Considerations in.Designing

Experiments to Study the Profitability of Fertilizer Use,‘ a paper

presented at a Tennessee Valley Authority Sponsored fertilizer

economics symposium held in Knoxville, Tennessee, June lh-lé, 1955.

The proceedings of the symposium are in book from: Methodolggical

Prgcedures in the Economic Analysis of Fertilizer Use Data, ed.

E. L“ Baum, Earl O. Heady and.dohn Blackmore (Ames, Iowa; Iowa

State College Press, 1956).
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s

characterizing the data produced in a fertilizer experiment. After

a function is selected, the next problem becomes one of estimating

the necessary parameters. The method of least squares, which minimizes

the sum of the squared deviations in the yield dimension, is usually

employed in estimating the parameters of the production function and

is generally accepted as being an efficient method. Ibach and.Mendum

suggest that graphical methods or the method of selected points offer

alternatives by which these estimates may be obtained for certain

functions.4 however, the method of least squares is more commonly

employed.

VChoosing one specific function from the array of possibilities

is a major problem. The "true relationships" are complicated by a

multiplicity of factors of a chemical, physical and biological nature

whose influence on production are as yet very poorly understood.

Presently such choices are made largely on a trial and error basis

with experience, judgment, insight and familiarity with other results

leading to decisions as to the most appropriate function. Little of

the necessary work has been done on this problem by statistical

theorists.

 

This discussion is limited, generally to the continuous function

analysis which at this time appears to be the most promising. in

approach involving experimentation at descrete points with use of

linear programing techniques may be of eventual value. A serious

limitation of this method appears to be the inability to determine

accurately the yield at these descrete points. Cf. Clifford hildreth,

Economic Implications of Some Cotton.Fertilizer Experiments, Cowles

Commission Papers, new Series, No. 93, university of Chicago

(Chicago: Cowles Commission.For Research In Economics, 1955;.

4D. B. Ibach and S. W. Mendum, "Determining Profitable Use of Fertiliz-

er," U.S.Department of Agriculturexg. 1_'1'. 105 (Washington: U. S.

\CA' r.

Government Printing Office, 1953). T ;:‘
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Early Use of Functions -- historically, attempts to relate
 

fertilizer inputs to yield responses were in the direction of the

formulation of "natural laws." An early concept of a production

function was prOposed by Juctice von.Liebig's I"law-of the minimum."

This proposition stated that the yield of a crop is governed by the

quantity of the most limiting factor and that as increments of this

limiting factor are added, yields increase in direct proportion to

the additions of this factor until another factor becomes limiting.

This concept holds that yields increase as a linear function of the

limiting factor and that factors of production are perfect complements.

The economics of such a situation are inconsequential; if it pays to

add any of the minimum factor, it pays to add that factor to the

level at which it is no longer limiting. The concept of the law of

the minimum has an influence on agriculturists even now as witnessed

by various illustrations such as a water barrel with staves represedh-

ing the different factors of profitable production.

Liebig's idea of simple proportional relationships has been

refuted primarily on the grounds that it does not conform to empirical

evidence. Instead of the assumed linear relationships, there has

evolved the law of diminishing returns based on observations of

curvilinear relationships. The law of diminishing returns holds that

the addition of a variable input to fixed inputs results in total

returns which first increase at an increasing rate, then increase at

a decreasing rate and finally decrease. In most agronomic experi-

mentation, the portion of the law stating that total returns increase

at an increasing rate is not relevant due to the presence of nutrients
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in the soil. In some extreme cases additions of an input may

initially decrease total returns. This law has resulted from empiri-

cal observations which have shown it to be a nearly universal condition

of production. It is essentially a modification of Liebig's original

formulation.made necessary by empirical observation.

The similarity of yield curves established by experimentation

prompted Mitscherlich to suggest a single mathematical expression to

quantify this relationship. This expression, which he called the

"law of diminishing soil yield," assumes the existence of some maximum

yield to occur when all conditions of growth are optimum and yield

deficiency, short of the maximum, is brought on by shortages of essential

growth factors. The function suggested by Mitscherlich states that

the yield increase which occurs from additions of this factor is

proportional to the original shortage of the factor.5 The essentials

of Mitscherlich's formulation is given by %% = C(A - I), where A is

the maximum possible yield and c is the effect factor. 'Wilcox, a

proponent of Mitscherlich's findings, has maintained that the slope

of the response curve is the same regardless of soil conditions, as

given by this equation.

In the original formulation by Mitscherlich, the yield increases

brought about by additions of one factor were not modified by the

levels of the other growth factor. baule, a German mathematician

 

5

Eilhard.Mitscherlich, "Das Gesetz des Minimums und das Gesetz des

abnechnenden Bodenertrages.'l translation unknown, Landw Jahrb

XXXVIII (1909) p. 537-552. This paper has been distributed by

V. Sauchelli.
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collaborating with Mitscherlich, recognized this shortcoming and

modified the equation to include an interaction effect. This was

done by making yield a product of the effect of all growth factors

working together. The modified yield equation is

I - Ml - lo“) (1 - 1002x2).........(1 - locnxn)

with A the maximum yield, the Ci the effect factors and the Xi the

variable growth factors. The reasoning behind this formulation brings

to light the basis for the general emphasis on balanced fertility

programs and the high degree of complementarity which appears to exist

among nutrients.

At the time Mitscherlich worked on his expression, Spillman

developed a similar equation for formulating the fertilizer-yield

relationship. For a one independent variable function, the two can

be written:

I

(Spillman): I =.A(l - R ); (Mitscherlich): Y = A(l - ekx)

In both equations A is the maximum yield attainable and ek can be

shown to be equal to R which makepthe equations equivalent.6

in important difference between the two formulations is that the

proportionality factor (R) in Spillman's formula is assumed to be

dependent upon the conditions encountered in the experimentation from

which the observations were obtained while the proportionality

 

6o. w. Wilcox "Evaluation of a Multiple Fertilizer Test," Unpublished

paper distributed by V. Sauchelli.
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factor (ek) of the Mitscherlich equation is considered to be constant

and independent of such conditions. While the Mitscherlich equation

has received wide attention, it has few followers owing primarily to

a common rejection of the universality proposition of the effect

factor. The Spillman function, on the other hand, is regarded as a

valuable equation for expressing certain types of relationships.

This function approaches asymptotically the maximum possible yield,

thus eliminating the possibility of it representing diminishing

yields. It also imposes limitations on changes in the elasticity of

production as the ratio of subsequent increments in output is constant

over all ranges of output. These characteristics must be kept in

mind in using this equation.

Although most earlier attempts to quantify a functional relation-

ship between fertilizer applications and yield have been refuted, the

work has served as an important benchmark for further formulations.

The use of the mathematical expression to characterize the fertilizer

yield relationship has its roots in these earlier works as does the

recognition of the law of diminishing yields.

Later Use of Functions - More recent attempts to express the
 

fertilizer-yield relationships mathematically have involved separate

functions for the different relationships found in specific situations.

The universal requirements imposed on these functions are that there

be a definite orderliness in the relationship that can be described

by smooth curves conforming, generally, to some of the second order

7

conditions specific to the law of diminishing returns. No longer is

 

7Robert F. hutton, An Appraisal of Research on the Economics of

Fertilizer Use, Report no. T §§;l, AgriculturalEconomics Branch,
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a specific law of growth held to exist for all conditions.

Since the number of functions more or less meeting the con-

ditions of the law of diminishing returns is infinite, a major

problem is to find a function that is in some way best for a Specific

set of data at hand. Among the functions most often used in recent

years are the Cobb-Douglas, Spillman and various polymonials.

The Cobb-Douglas or power function of the form y = aXiblxgbz....

ann is linear when transformed to logarithmic form. This linearity

characteristic simplifies the estimation of parameters by least

squares. The function displays continuously increasing yield and

constant elasticities with reSpect to all input variables. For

functions displaying constant elasticity, a given percentage increase

in an input brings about the same percentage increase in output

regardless of the level of input and output. This function has the

disadvantages of (1) taking on a value of zero whenever any input is

zero, and (2) an inability to describe more than one of the following:

increasing positive, decreasing positive or negative incremental

returns to incremental inputs. With modification these disadvantages

can be overcome.8

The Spillman function expressed in the general case as

x aha-RI“) (1-2252) . . . (1-Rnx“)

 

Div. of Agriculture Relations, Tennessee Valley Authority (Knoxville,

Tennessee: T.V.A. March, 1955), p. 13.

8n. 0. Carter, "Modifications of the Cobb-Douglas Function to Destroy

Constant Elasticity and Symmetry," unpublished M. S. Thesis, Depart-

ment of Agriculture Economics, Michigan State University, 1955.
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is still used at present, partly as a holdover from past studies but

also because of its usefulness for describing relationships present

in certain data. The Spillman function has limitations when more

than one fertilizer variable is incorporated into the design as it

allows for only a constant rate of interaction to occur. It has the

additional disadvantages, for some purposes, of (1) being difficult

to fit, (2) taking on a value of zero when any of the independent

variables is zero, (3) having certain rigidities of elasticity of

output with reSpect to inputs, (h) being unable to reflect decreas-

'ing positive incremental returns to incremental inputs, and (S) approach-

ing a maximum output asympattically.9

7 Another general type or family of functions consists of the

various polynomials. The number of possibilities within this family

is infinite though those involving equations of higher than the third

degree have not been used as they appear to be inconsistent with

biological logic as reflected in the law of diminishing returns.10

in example of a one variable form is‘I a a +‘b1 X + b2 X2. This

.function is easily fitted by the method of least squares and is flexible

to the extent that terms may be added or subtracted to change the

characteristics of the function. There are few premises to serve as

 

gFor a fuller description of the Spillman function see: Wt J.

Spillman Use of the Exponential Yield Curve in Fertilizer Experi—

ments, U. S} Department of Agriculture Technical Bulletin No. 3h8

(washington: U. 3. Government Printing Office, April 1933). Also

Ibach and.Mendum, o . git.

quhere is little agreement as to what determines the validity of

biologic logic. The third degree equation, however, has been con-

sidered to incur this violation more so than an equation of the

second order.
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a guide for choosing the terms of the equation and in this way the

choosing of a Specific polynomial presents a problem much like that

of choosing a general type of function.

11

heady, Pesek and Brown used two types of polynomials:

I = a +‘b1x/m +‘b2r/P + b3 h +‘b4 P +~b5./nP

X 88. +131“ +b2 P +b31‘l2 +b4P2 +b5NP

The first of these the so-called square-root form was considered

more satisfactory and used as the prediction equation for corn.

While application of the various forms of functions has been

limited, it is now evident that no one type of function is superior

to all other types. Nearly every study of the fertilizerayield

relationship to date has made use of a different function. Johnson

working with alternative functions to describe a series of data from

a nitrogen-corn experiment concluded that an equation of the form:

H . 2

1=a+b x+bzx

gave the most satisfactory results.12 In the previously described

corn experiment by Heady, et 31., 35 single variable functions were

computed for the completed rows, columns and diagonals of their

design. Each of the following five equations appear to be a "best

13

fit" for at least one particular set of data:

 

11

Earl O. heady, John.T. Pesek and william G. brown, 2p. cit.

12Paul R. Johnson, "Alternative Functions for Analyzing a Fertilizer-

lield Relationship," Journal of Farm Economics, XXXV (November,

13heady,'gt‘al,, 22. cit., pp. 303.
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I a a +‘b1 X + bg/i_

rem-ix

1" -axb

Y-a+b1X+b2X2

12a +b1X+b2 X2+b3..\/2—

where: I is total yield, 1' is yield above checks and X refers to

quantity of the variable nutrient applied.

With the present knowledge of the fertilizer-yield relationship,

the usual method of choosing a function is to use one out of a

limited number of different alternatives which appear to best fit

the experimental observations. Judgments as to which is best are

not made by highly objective rules or statistical tests. Such judg-

ments rest, instead, primarily upon the researcher's experience and

familiarity with the data. The most that statistical measures can

do, as they do not provide a direct objective test, is contribute

inconclusive information as to "goodness of fit.‘ Specific statistics

commonly of help in determining the best fit are the standard error

of estimate, coefficient of determination, and standard errors of the

regression coefficients. The standard errors of estimate indicate

the closeness of the observed values to the predicted values. The

coefficient of determination, multiplied by 100, measures the per-

centage of variance of the dependent variable "explained by" or

associated'with, the independent variables. The standard errorsof the

regression coeificients measure the accuracy of the estimated re-

gression coefficients.
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Other aids in choosing a function are (l) plotting the functions

or sub-portions thereof on a graph along with a scatter diagram of

the observations, and (2) a study of expected biological relation-

ships. Mathematical knowledge of help in choosing functions includes:

knowledge of the shape various functions take on with different values

of the parameters and the knowledge that the expected shape of a

reSponse function, through most of the relevant range, is convex from

above.

Economic Optima

The goal in developing an apprOpriate function is to be able to

make more efficient recommendations for the economic use of fertilizer.

With.the production relationship expressed mathematically the rates

of fertilizer application which maximize profits are easily determined.

Problems involved in projecting these rates into recommendations for

field conditions will be taken up in Chapter V.

To determine an optimum application, the price per unit of the

fertilizer, the price per unit of the crop grown and the marginal

product of fertilizer in production of the crop (i.e., the partial

derivative of yield with reSpect to the fertilizer nutrient involved)

are needed.

For a single nutrient or single combination of nutrients, the

optimum rate is attained and profits are maximized when the cost of

adding another unit of the nutrient or nutrient combinationis just

equal to the return derived from its use. This can.be defined as the

application for which the marginal value product of the input (lg—E P1.)
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equals the cost of using another unit of the input (usually the

input price), provided the marginal value product is diminishing

(i.e., that the second derivative of the production function be

negative at this point). The optimal point can also be stated as

being the output where a rising marginal cost per unit of product

equals marginal revenue (product price).14

The optimal application then is the rate of application where

the marginal product, multiplied by the price, is equal to the cost

of adding more nitrogen or

P1 (MPPH) 8 Pm

Dividing both sides of this expression by P1 we have:

NPP = __1§‘_

l‘.‘ . P

Since the marginal physical product is determined from the derived

yield equation, as the derivative,.the optimal condition can be

written as:

d I P

(in if

Substituting appropriate prices for nitrogen and corn and solving

for h determines the most profitable amount of the nutrient to apply.

 

14

The appropriate marginal cost will depend on price only as a lower

'limit and upon opportunity costs at all but this limit. Opportunity

cost would take into account possibilities of making a greater profit

from the additional expenditure at the margin in some other use of

the factor.
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The economizing principle can be illustrated by a simple hypo-

thetical case of a production function assumed to be of a simple

form such as:

I = a +'bX + 0X2.

Then:

‘

d
-—- =‘b + 2 X

dX C

The optimal application of X, in perfect competition, is then

given by

'b + 2cX = jig

P,

substituting hypothetical values into this expression we may have:

I = 25.0 + 6.0 X - .5X3

{9! . 6.0 - x

dX

Ehuating this derivative to a price ratio, to determine the economic

optimum of X to apply, when I is priced at $1.20 and the price per

unit of X is $3.60:

60e .1e..6.0 - x 1.20

X = 3.

Under these conditions, three units of X maximizes profit. This

would result in a yield of

I = 25.0 + 6.0(3) - 5(3)2 = MS
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It may be pointed out that maximum yields would result where the NPR

is equal to zero or at 6 units. Use of these six units would result

in a maximum yield of 79 units, but even though this yield is greater

by 31.5 units it is less profitable than the lower yield.

Solution For hulti-Variable Case

In the previous analysis, principles of profit maximization were

used to determine the quantity of one fertilizer nutrient applied for

profit maximization. To determine the optimal fertilization program

when more than one input is being used. involves the simultaneous

determination of the most profitable ccnbination of all nutrients and

the most profitable amounts of this combination to use. These con-

ditions are determined when the ratio of the marginal value product

of each nutrient to its cost is the same for all nutrients and equal

to one, under perfect competition and an unlimited capital condition.

Under capital restrictions these ratios are based to an opportunity

cost, which is the return that could be made on the investment if used

elsewhere in the business.

For a three nutrient case these relationships can be made opera-

tional by setting the marginal products, or partial derivatives, for

each nutrient equal to their price ratios and solving the three

equations simultaneously for the quantities of the three nutrients to

15

apply for maximum profits.
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This can be written mathematically for the general case of three

variable inputs producing I as I = f(X1, X2, X3)

Tthen if = profit, the profit equation is:
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xl - P x2 - P x3

x3. X2 X3

Partial differentation with respect to the three variable yields:

Qfl , b'y Pr'P

Dxl 3X1

7T - PI 1 - P

x1.

Dfl' Bl P_P

3 X2 5 X2 I X2

3W 291 P P

57:* 8_Fz_—I- %

Setting the three partial derivatives equal to zero expresses the

mathematical condition for maximum profit, assuming perfect com-

petition, perfect knowledge and the law of diminishing returns

which Specifies the second order conditions necessary for a maximum.



CHAPTER III

SOURCE OF WIRICAL DATA

The preceding chapter provides the basic concepts and procedures

needed for determining the incremental yield responses to applications

of one or more fertilizer nutrients. It also showed how the incre-

mented reSponse data can be incorporated into an analysis for determin-

ing the most profitable amounts and combinations of fertilizers to

apply. The source of the data to be used in the analysis presented

in this thesis will be discussed in the present chapter.

In recent years, field experiments have been designed to produce

data to which these newer analytical techniques can be applied. The

project which produced the data on which this thesis is based was

initiated jointly by the Departments of Soil Science and Agricultural

Economics at the Michigan AgriculturalExperiment Station.1 The field

experiments were designed Specifically for the purpose of producing

data to be used in estimating the fertilizer production function for

the crop studied.

General Characteristics of Appropriate Experimental Designs

Experimental designs which yield adequate data suitable for

economic analysis are necessarily more extensive than many past designs.

 

1

This project is supported in part from funds received from the

Midwest Soil Improvement Association, Davison Chemical Company and

the National Plant Food Institute.



More information is needed to fit mathematical functions which

represent larger portions of the fertilizer-yield surface. For func-

tional analysis it is important that the extreme combinations and

rates of fertilizer be included in the design along with the obser-

vations close to the expected "practical" range.

When only one factor of production is being investigated, the

problem is relatively simple. in experiment can easily be designed

to cover the entire range of response including enough rates, properly

distributed, to permit estimation of a continuous function.

Investigation of two or more factors of production increases the

problem as provisions for measuring interaction must be made. Before

interaction can be measured, yields must be observed for many more

combinations and rates of fertilization than have generally been

included in past fertilization experiments. Multi—variable, incomplete

factorial layouts involving several rates of application of each vari-

able are used. It is usually desirable to increase the number of

rates without using all of the possible combinations of the rates

rather than using a complete factorial design with fewer rates. This

design technique produces information needed for measuring interaction

terms while keeping the size of the experiment within reason. This

procedure becomes even more important as the number of variables is

increased. Though this procedure yields information about many more

points on the function,'less reliability can be attached to yield

estimates for a Specific point than would be produced by extensive

replication of the fertilizer treatment represented by that point.
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A field of high uniformity is generally selected. Generally

speaking, the more uniform a field is, the more unique it is and

the smaller the range of farm conditions represented by it. There

is a real conflict between the need for uniformity and the need for

representativeness, which will be discussed in Chapter VI, after the

analysis of the present data has been made and discussed. In addition

to controls imposed by the soil characteristics, management practices

are used that are both desirable for, and attainable by, the farm

operators expected to use the results. Unless moisture level is in-

cluded as a separate variable, it is usually held constant for all

treatments either through irrigation or more commonly by prevailing

weather conditions. Other factors over which controls can be extended

are usually controlled. If controls are impossible but measures can

be made, increasing attempts are being made to incorporate them in

the analysis. Such incorporation often requires extensive use of

agronomic principles and concepts.

Other factors over which neither controls nor measurements can

be made are allowed.to vary and are assumed.or made to behave randomly.

If this assumption is met and/or randomization attempts are successful,

the effects of such variables can be averaged out by statistical pro-

cedures.

Experimental Design Used

The crops being studied in this joint project are corn, oats,

wheat and alfalfa, grown in four year rotation. Each crop is to be

grown each year on one of the four experimental fields. Three variable
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nutrients, nitrogen, phosphorus and potassium were used on each crop.

Only the results of the corn.experiment for the 1955 cr0p year will

be analyzed in this thesis.

The design used for this experiment includes six rates, including

the zero application, for each of the three variable nutrients:

nitrogen, phosphorus and potassium. These rates of application are

given in Table I. Extrapolation of yield equations beyond the range

of the observations used for the fitting of the functions cannot be

made with confidence, which.makes it imperative that the experhment

be so designed as to allow reliable estimates to be derived for all

relevant yields.

Observations were obtained from an incomplete factorial experi-

mental design of the nature indicated in Table I. Ninety-one points

on the surface out of a possible 216 were sampled with 39 of these

points being replicated twice. Eleven replications of the check

treatment (no fertilizer applied) were obtained to establish more

accurately the origin of the fitted function. Two replications were

made of the second, fourth, and sixth level of treatment for each

nutrient and for all points on the "main diagonal" of the design.

Thus a total of 130 observations are made for each crop.

The field size necessary to accommodate this design is slightly

over 3.7 acres including alley-ways between rows of plots. Non-

uniform factors that were neither controlled nor measured but which

affect production were assumed to be randomized. This was accomplished

by a complete randomization of the treatments over the total plot area.
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Although the design is not perfect from many viewpoints it is a

fairly efficient design for obtaining the necessary data. It repre-

sents a necessary compromise between perfection and the cost of

perfection. This design, with randomized plots, provides sufficient

observations over the relevant range of the input-output relationship

for estimation of the three variable production function.

The experimental work was initiated in the Spring of 1955 on

Kalamazoo sandy loam soil at two sites in southwesternIMichigan.2

This soil is not excessively droughty by Michigan standards but lack

of moisture-holding capacity together with a natural low fertility

limits crop yields. 'While the experimental fields are located on

private farms, all field work was done by Experiment Station personnel.

Nitrogen was applied in the form of 33.5% ammonium nitrate,

phosphorus as h5% SUperphosphate and potassium as 50% muriate of

potash. The fertilizer was broadcast prior to plowing and then plowed

down. No supplemental fertilizer was added.

The hybrid variety used was Michigan 250. The yields resulting

from the various treatments fall into a general range of from twenty

to fifty bushels per acre. The check plot yields averaged 27.b

bushels, having a high of h5.5 and a low of 19.3 bushels per acre.

The yields for all plots and treatments are given in the Appendix.

The experimental plots measured lh' by 50' in size with a harvested

area 0f 7' by 50' or approximately' l%§ of an acre taken from the

 

2

The experiments are located in Kalamazoo and Calhoun County, with

two experimental fields located at each site. The corn experiment

reported in this thesis was at the EMald.Fich farm in Calhoun

County .
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TABLE I

DESIGN OF EXPERIMENT FRLM WHICH YIELD DATA WErtE OBTnINED

Each "X" Represents an Experimental Plot

 

 

 

Pounds Pounds Pounds of P205

of N of K20 Per A

Per A Per A O 140 CO 160 320 143)

o o 11* x

20 x

110

CO I X X

160

21:0 x x

20 o x

20 x xx XX xx

to x x

be xx xx xx

160 x x

2&0 xx xx xx

ho 0

20 x x

ho x xx x x

80 X X

160 x x x

2140 x x

 

v

W

Eleven plots received no fertilizer.
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Pounds Pounds Pounds of P205

of N of K20 Per A

Per A Per A EEO b0 160 320 h80

60 O X X

20 XX XX XX

to x x

60 XX XX XX

160 X X

2h0 XX XX X XX

160 O

20 X X

to x x x x

to X X X

160 X X XX X

2h0 X X X X

21m 0 x x

20 XX XX {XX

to X

80 XX XX XX

160 X X X

2ho XX xx x xx
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center of each plot. Seeding rate; variety; planting, cultivation

and harvesting times and practices; weed control measures; soil

characteristics within the bounds that a field of the size used are

uniform; past management practices and past cropping history were all

held constant for all of the experimental plots. The corn population

was thinned to 12,500 plants per acre, which was considered optimum

for the soil type. All other factors of production such as soil

variations, insect and disease infestation, as well as errors of

fertilizer application and yield measurement were considered to vary

randomly, except for the three variable nutrients and the varying amounts

of labor and machinery needed for the application of the fertilizer

and harvesting of the corn. Past history of the experimental field

included a corn crop in 195h and wheat in 1953.

The 1955 growing season was unfavorable for the growth of corn.

The expected average yields of corn, with good management is 65 bushels

per acre,3 which is far above that obtained from the experimental plots

for this particular year. This reduction in expected yield was brought

on by a drought period extending from mid-July through mid-September.

Soil samples were taken and tested for phoSphorus and potassium

before application of the fertilizer and again prior to growing the

succeeding crop. Although the results of these tests will not be used

in the analysis presented in this thesis, they will be used in further

attempts to more appropriately characterize the existing relationship

between added fertilizers and yields of crops.

 

3James Porter, Stanley Alfred, Ehigene Whitside and Robert Lucus,

Get the.Most from Your Farmland, Michigan State University COOperative

Extension Service, East Lansing, Michigan, pp. 17.

 



CHAPTER IV

FUNCTIONAL ANALYSIS OF EXPERIMENTAL RESULTS

A conceptual presentation of appropriate methods for economic

analysis of fertilization data was made in Chapter II. The source

of the empirical data to be used in this thesis was described in

Chapter III. In this chapter analysis of these data will be carried

out, beginning with fitting an appropriate mathematical production

function and ending with determination of the most profitable appli-

’ cations of fertilizer for varying price situations.

Functions Fitted to Data

As indicated in the preceding chapter, the number of possible

mathematical functions which might be used to describe a fertilizer-

yield relationship is infinite. The task of choosing among these

alternatives, while sometimes difficult, can be done by an agri-

culturist able to draw upon past experience in this and related kinds

of work. 'While a great deal of judgment and subjectivity is involved,

experience and familiarity with the data at hand enables reasonably

good choices to be made from a number of alternative functions.

The primary requirement of the mathematical function to be

chosen is that it describe the technical production relationships.

Its usefulness is particularly determined by its performance in the

economic range of reSponse. As attempts are made to add detail to

the description of the observed relationship, it becomes apparent



that such detail almost invariably has as its price loss of compu-

tational ease. Although, it may be possible to gain both computational

expediency and detail, in some cases, by and large one can be increased

only at the expense of the other. This is true not only of fertilizer

yield relationships but in most research. To value the payment for

detail too highly may defeat the objective of the analysis which is

finding useable answers to the problem faced. Conversely, to value

it too lightly may result in misuse of research resources and failure

to produce results. The less variance exhibited in the experiment

data, the less difficult the choice between functions becomes and the

more variance present the less important the choice. In the present

study, as in all such studies, better fits could probably be obtained

by using a function which has not been considered. But, considering

the variance of the data and the possible rewards for accuracy, a

wider search for a better function was felt to be unwarranted.

Four different functions were originally selected and fitted to

the data obtained from the 130 plot, corn experiment.

These functions were:

(I) Cross-product polynomial1

I =a +b1N +b2P +b3K +b4h2 +b5Pé+b6K2 +b7hP +b3NK +b9PK

(2) Square root polynomial1

Y =a+b1N +b2P+b3K+b4N +b5/P—+b6/K-+b7/1TP+

b8m+b9/FK.

 

1These functions have been given names in order to simplify reference

in the text, with no particular relevance other than describing a

particular characteristic of each equation.
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(3) Cobb-Douglas

b b b
1 2 K a

I = a m P

(h) Carter—halter

b ..

X = a h 1ciNszc
ZPKb303K

The polynomials used are only two of many possible forms. These

particular forms have been used previously with some success. As

the data indicate no range of increasing marginal returns, the polynomial

equations contain no terms of higher than the second degree. being

polynomials involving first and second or one-half degree terms, they

are capable of showing both the diminishing marginal yields and

diminishing total yields evident in scatter diagrams of the data.

Although no complete interaction term is present in either of the

equations, it was felt that interactions are measured by the last three

terms of each equation about as accurately as the variance in the data

permit. While the two equations are similar in many respects, they

were both used because of differing past experience with each equation.

Though the crossfproduct form has been more commonly used, Heady found

the square root form to be of value, particularly in cases where the

marginal products are large at low inputs and.small at higher rates

2

of inputs.

2

Earl O. heady, 'Technical Considerations for Estimating Production

Functions in Studies of Farm Resource Use,‘ a paper presented at

North Central Farm management Research Conference on Farm Scale and

Resource Productivity, October, l95h. The proceeding of this con-

ference are in book form: Resource Productivity, Returns to Scale,

and Farm Size, ed. Earl O. heacfif, Glenn 1:. johnson and Lowell S.

hardin (Ames, Iowa: Iowa State College Press, 1956).
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A Cobb-Douglas, or power function, was also fitted to the data.

Since this function is incapable of describing the diminishing total

yields apparent in the data, observations involving the highest

nutrient applications were omitted.3 Functions which allow use of

all experimental observations are more efficient under many conditions

than those necessitating exclusion of a part of the data. Though this

may be so, it is also true that the main interest is in obtaining an

accurate description of the relationship in the range of economic

relevance 2.2. the range for which yields are increasing and in which

the partial derivatives of yield with respect to the nutrient are

positive and decreasing.

As the Cobb—Douglas function has the further property of taking

on zero values when any of the inputs are zero, a transformation of

the data was used to overcome this difficulty. This was accomplished

by the addition of oneétenth of a unit4 to all amounts of fertilizer

nutrients applied which introduces some slight biases at the lower

ranges of observations. This bias occurs because the function must

have a value of zero at the origin, but is forced close to the check

plot yields at input values of one-tenth unit. Thus some upward bias

comes about in estimating yields for the next higher increments of

yields in much the same way that a piece of Springsteel bulges up

 

3

That is, plots receiving: h at 2h0 pounds, P205 at h80 pounds or

K20 at 2&0 pounds per acre were omitted from the regression analysis.

4

Inputs were measured in twenty pound units as a computational ex?

pedient. The transformation thus added two pounds which may be con-

sidered negligible .
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before fitting. This function, which is a modification of the Cobb-

Douglas, allows more flexibility in the shape of the function without

foregoing certain important properties of expediency and simplicity

of parameter estimation.5 The important advantage of this function

is its flexibility which is greater than that of the unmodified Cobb-

Douglas. Offsetting this advantage is the necessity of estimating two

parameters for each variable included which is more than required for

the Cobb-Douglas but less than involved for any polynomial that has

commonly been used. Another disadvantage of the Carter-halter

function is the greater complexity encountered in locating various

economic optima.

For the Carter—Halter function to conform to that portion of the

law of diminishing returns usually encountered in fertilizer studies,

the bi's and ci's should be positive and less than one. The function

will then indicate a total product increasing at a decreasing rate

and eventually decreasing. Though this function has been fitted to

 

5The original work describing this modification of the Cobb-Douglas

equations appears in h. 0. Carter's M. S. thesis, 22, git. .A further

description with more comprehensive treatment will appear in a paper

by h. 0. Carter and A. halter to be submitted to the Journal of Farm

Economics. The name of Carter-halter will be used for reference to

this function in the text.
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few sets of empirical data, preliminary results show it to be capable

of describing all three stages of production simultaneously.

Results of Function.Fitting

When these four functions were fitted to the common set of

experimental data, the parameters took the values indicated below.

The N, P and K refer to twenty pound units of m, P205 and K20

respectively. Yield is measured in bushels per acre.

Cross:product_polynomial:
 

Y = 30.70 + 3.59557 N + .Sh670 P - .11615 K - .23719 N3 -

.00112 P2 + .03696 K2 - .02300 mp - .01932 mK - .02921 PK

Square-rootlpolynomial:
 

x = 27.29 - 3.h2776 m + .5h818 P + .19308 x + 15.9e63d /N' -

1.17115 [5' - .71h8h /E’ - .02928 /hh' - .17h06 /EK + .07762 /FK

Cobb-Douglas:
 

- .ooeoh "

+ 0.1) (n + 0.1)- ‘027321 - 35.12 (N + 0.1) 45555 (p

Carter-halter:
 

.19272 (N + 0.1) .02135
Y = 38.5h (N + 0.1)

6(P + 0.1) (K

0.960 (P + 0.1)'

.00163 (K + 0.1)
1.00 + 0.1)“ 1.001

All of the three variable functions fitted indicate a strong

response to nitrogen applications. All show insignificant reSponses

to phOSphorus and potassium except the cross-product polynomial which

indicates some reSponse to phOSphoruS. however, none of the co-

efficients of the cross-product polynomial involving phosphorus are

significant at the ten percent level indicating that there may in fact

be insufficient reason to suSpect that a response to phoSphorus exists.



R1

The Cobb-Douglas function shows negative responses to both

phOSphorus and potassium; however, due to the small size of the co-

efficients and their relatively large standard errors,6 it can be

presumed that little if any change in yields resultsfrom changing

the application levels of these nutrients. The response due to

nitrogen is sizeable as given oy the coefficient of the N term and a

low standard error indicates a high degree of satistical significance.

The Carter-Halter fit indicates the same relationships--very

significant responses to nitrogen but little response to ph03phorus

and potash. The coefficients for the N terms are highly significant,

(P >'.99) while the coefficients of the P and K terms lack a depend-

able level of significance as given by the 't' test (P‘< .90).

Further indications of the lack of reSponse to phosphorus and potash

are given by (l) the small size of the coefficients and (2) signs

for the coefficients contrary to logical expectations. As the co-

efficients are both small and insignificant, the probability of

contrary signs is greater than if the coefficients were large and

significant. An analysis of variance indicates still further that

there are no responses to phosphorus or potash but very significant

(P > .99) responses to nitrogen.

Vi Selection of the "best'' Function

After fitting a number of equations to a single set of data,

the choice of function that most accurately represents the existing

relationship between added nutrients and yield had to be made.

 

e

For "t‘ values of the coefficients see Table 2.
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As previously noted, there are no purely "objective" criteria for

making this selection. Reliance must, instead, be put on rather

indirect and subjective measures of "goodness of fit." Among these

are such statistics as the coefficient of multiple correlation,

magnitudes of residual variance quantities not associated with the

regression, plottings of the alternative functions along with a

scatter diagram of the experimental observations, logical expecta-

tions, and knowledge of the technical relationships inherent in the

data. Such measures usually help isolate one function as being "more

reasonable" than the others.

The basic statistics relating to the four, three-variable func-

tions fitted in this study are given in Table II. The large variances

inherent in the data are evidenced by the low coefficients of multiple

determination (R2) which denote the proportions of the total variance

"explained by" or associated with the changes in the dependent vari-

ables.

As a further test for determining the "best fit," F ratios were

computed on the amount of the total sum of the squared deviations from

the means explained by regression and that independent of regression.

The computational form given in Table III was used. In this table n

is the number of observations, m is the number of variants and S»,2 ta

the sum of the squared deviations from the mean.7 The computed F

ratios are given in Table IV.

 

7

George W. Snedecor, Statistical.Methods, (hth ed., Ames, Iowa:

State College Press, 1953), pp. 3H6.
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TABLE II

STATISTICS FOR ThREE—VARIABLE EQUATIONS FITTED To CORN DsTfi,

munzoo emu! LOAN SOIL, SCUvansTEnN MICHIGAN IN 1955

 

 

 

Value of the '

Equation Value Value constant Value of "t'. for coefficients,

of R of R2 term "a' together with terms involved

Cross-product .ShOB .29 30.70 N: b.9h5** P: 1.073“

polynomial K: .157 N3: h.hh0**

P8: .OOh K2: .608

NP: .810 NR: .529

PK: .95?

Square-root .6377 .hl 27.29 N: 5.788** P: 1.23l**

polynomial K: .336 /K: 6.112

/T: .789 /K: .278

Np: .058 /NK: .300

/PE§ .157

Cobb-Douglas .71h5 .51 35.12 (N + 0.1) : 5.69S**

(P + 0.1) z .382

(K + 0.1) : 1.021

Carter-halter .7010 .h9 38.5h (N + 0.1) 8 0.1h5f:

5.628“

(P + 0.1) : 1.117%

1.921

(K + 0.1) : .069

.127

 

**Significant at 1%, *Significant at 5-10%. All other coefficients are

not significant at 10%.

Two “t' values are given for each fertilizer nutrient for the Carter-

nalter equation because each nutrient occurs twice in the equation.



TABLE III

FORE 0F CG’EPUTQLTIONS USED FUR COMPUTING ANsLYSIS

0F VARIANCE IN REGRESSION

 

 

 

 

 

 

Source of Degrees of Sum of Mean

Variation Freedom Squares Square F Ratio

3 2

Total n-l 3,.2 .1.

n-l

2 2

R28 2 531..
Due to regression m-l R2 S 2 m-l

y m—l

- 2 2(l R ) Sy

n-m

Independent of

regression n-m (l—Rz) Syz (l-R2)Sy2

 

n-m
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TABLE IV

F RATIOS FOR ANALYSIS OF VARIANCE IN REGRESSION FOR ThREE-VARIkBLE

FUNCTIONS FITTED T0 CORN DATA. KALWOO SANDY LOAM SOIL,

SOUTHWESTERN MICHIGAN IN 1955

 

 

 

Function Total D F I E Ratio*

Cross-product polynomial 129 6.31

Square-root polynomial 129 10.hS

Cobb-Douglas 6h , 32.88

Carter-Halter 129 2h.l6

*-

All of these F ratios are Significant at 1%.

In addition to the statistical measures used, other less objective

evidence was accumulated on which to choose the function which best

describes the relationships in the data. Plotting of the alternative

functions against actual observations and a familiarity with the data

were useful in choosing among the functions. Although these "tests"

are not independent of the statistics previously cited, they do provide

an added basis for the final choice. in example of the plotting pro-

cedures used is given in Figure 1. For this example, the estimated

yields for inputs added in 1-2-1 ratio (up the main diagonal of the

design) are plotted along with the actual yields as they occurred in

the field experiment. As a significant reSponse occurred only to

additions of nitrogen, emphasis was placed on plottings in the nitrogen-

yield dimension.
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FIGURE 1

ESTIMATED IIELDS 0F CORN FOR NUTRIENTS ADDED IN SIMPLE PROPORTIONS

INuICATED BY MAIN DIRGONAL 0F DESIcm USING TRREE VARIABLE

FUNCTIONS, KALAMAZOO SANoI LOAM SOIL, SOUTHWESI‘ERN MICHIGAN, 1955
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The plottings of field observations show large responses up to

60 pound applications of nitrogen. field increases continue to occur

until around the 100 pound level and then total yields slowly decrease

at higher rates of application.

Results of Fittinggthe Cross-Product Polynomial -— This function
 

gave the poorest fit as indicated by the statistics presented in

Tables II and IV. Only 29 percent of the variance about the mean yield

was associated with this fit.

The function originates at a yield slightly over 30 bushels, which

is approximately three bushels greater than the average of the eleven

check plots and over four bushels greater than the average of all plots

receiving no application of nitrogen. Increases in yield occur on

this function beyond the level evident in the data. The latter portion

of the nitrogen-yield curve indicates yields to be severely depressed

by the higher rate of application. While this portion of the curve

is relatively unimportant for economic considerations, it gives an

added indication of how'well a function describes the data. This

function appears to be the poorest description, among the functions

fitted, of the fertilizer-yield data.

Results of Fitting SquareeRoot Polynomial -- This function fitted

the data better than the cross-product polynomial according to all

criteria of evaluation used. Specifically, this equation fitted the

yield data better than the cross-product polynomial for low applica-

tions of nitrogen. Forty-one percent of the variance in the original

yield data was associated with this regression. This function
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originates at 27.29 bushels which is near the average yield for

the check plots. The function follows the data very well at the

lower observations but indicates yields that are well above those

observed for nitrogen applications in excess of forty pounds. While

this function had certain advantages over the other polynomial fitted,

its failure to fit at high levels along with its poor showing with

reSpect to objective statistical measures leaves much to be desired.

Results of;Fitting the Cobb-Douglas Function - Fifty-one percent
 

of the variance is associated with this function, greater than any

other function used. The F ratio computed for analysis of variance

in regression is also larger than any other. As these statistics

apply to the data in logarithmic form, they do not necessarily indicate

that this function approximates the experimental data better than the

polynomials. Plotting the function and data in natural numbers re-

vealed certain undesirable characteristics which, in turn, provide

the basis for rejecting it as the best representation of the data.

This function, while originating at a satisfactory yield, indicates

that yield increases occur throughout the entire range of observation.

This characteristic is a property inherent in the function and is not

itself a serious disadvantage if the marginal products are estimated

satisfactorily in the relevant range. However, the marginal products

on this function are smaller at the lowest rates of application and

larger at the higher rates of application than appears to be the case.

Results of Fitting Carter-Halter -- The Carter-Halter equation
 

appears to give the best description of the field observations among
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the functions used. It indicates that yields originate at 26 bushels

per acre and increase rapidly with additions of nitrogen until

approximately 60 pounds is reached. At higher rates of applications,

smaller yield increases occur until a maximum of h6 bushels is

reached at an application of 120 pounds of nitrogen per acre. it

still higher levels of application this function indicates that yield

is reduced somewhat.

The statistical measures of the "goodness of fit" indicate that

this function fits the data nearly as well as the Cobb-Douglas.

Whether or not the fit is superior to the fits for the polynomials

used is not entirely clear from the statistical measures as they apply

to the data in logarithmic form in the case of the Carter—halter and

Cobb-Douglas functions. however, on the basis of all things considered--

the statistics computed, plots of functions and data, and knowledge

of the situation at hand-~the Carter-halter equation was accepted as

giving the "best fit“ among the functions considered. It should not

be inferred from the acceptance, however, that this equation will fit

best for all similar experiments, for all experiments on corn or even

for an identical experiment conducted on the same soil in another

year. however, there is good reason to believe that inherent properties

of this equation will cause it to describe rather adequately many

similar types of relationships. Successive years' results will have

to be analyzed in a Similar manner until an appropriate expression

can be formulated for the relationship of fertilizer application to

yield of corn on this type of soil in this climatic area. At such
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time it should also be possible to estimate probability distributions

of the coefficients.

Prediction of fields

Using the Carter-Halter equation, yield estimates were made for

various levels and combinations of the three nutrients. These esti-

mates are presented in.Table V. It can be seen.from these figures

that nitrogen exerts the predominant effect on yields. The signs of

the P and K coefficients cause small additions of these nutrients

to depress predicted yields somewhat with larger additions increasing

yields at a slight, but increasing, rate-—a situation which is not

logically acceptable. The probability of these inappropriate signs

occurring is large in view of the large standard errors of the co-

efficients involved. These large standard errors are in turn due

to the lack of yield response to these nutrients and to the size of

the unexplained variance.

With the parameters of the "best" three-variable function determined,

yield predictions could be made for any combination of nutrients. This

ability to predict yields for any point in the function rather than

being limited only to points of actual field observation gives the

continuous function technique an analytical advantage over other methods

of analysis.

Statistical Reliability of Estimates

The individual coefficients in anuestimating equation often have

little economic meaning as the economic significance of the equation
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TABLE V

PREDICTED YIELDS OF CORN FRCM TrfliEE-VARLiBLE CARTER-METER EQUATION ,

LWOO SANDY LOAM SOIL, SOUTI-MESI‘EBN MICHIGAN IN 1955

 

 

 

 

Pounds Pounds Pounds of

of N of K20 P29;1 per A

per A per A O 80 160 2h0 320 hOO 1480

o o 26.0 .2h.h 2h.8 25.2 25.5 26.2 26.8

60 25.9 2h.5 2h.8 25.2 25.6 26.1 26.7

120 25.9 2h.6 25.8 25.2 25.7 26.2 26.7

180 26.0 28.6 2h.9 25.3 25.7 26.3 26.8

2ho 26.1 2h.7 2h.9 25.3 25.8 26.3 26.9

20 0 39.0 37.0 37.3 37.9 38.6 39.h h0.2

60 38.9 36.9 37.2 37.8 38.5 39.3 h0.1

120 39.0 36.9 37.3 37.9 38.6 39. h0.2

180 39.0 37.0 37.5 38.0 38.7 39.h no.3

2ho 39.2 37.1 37.5 38.0 38.8 39.5 h0.h

to o h2.8 h0.6 h1.0 h1.6 h2.h h3.2 hh.1

6o h2.7 80.5 no.9 81.5 82.3 h3.l hh.0

12o u2.8 h0.S h0.9 h1.6 h2.h h3.2 hh.l

18o b2.9 h0.6 h1.0 bl.7 h2.h h3.3 hh.2

2h0 b3.0 h0.7 hl.1 hl.8 82.5 h3. hh.3

8o 0 h5.2 h2.7 h3 2 h3.9 hh.7 h5.6 b6.S

60 h5.1 h2.7 b3.l h3.8 hh.S 85.5 h6.h

120 85.1 h2.7 h3.1 h3.8 hh.7 h5.5 86.5

180 h5.2 h2.8 h3.2 h3.9 uh.7 85.6 h6.6

2&0 h5.3 h2.9 h3.3 hh.0 hh.9 h5.7 h6.7

120 0 LS.0 h2.6 h3.1 h3.8 uh.6 hS.S h6.h

6o uh.9 h2.5 h3.0 h3.7 hh.5 h5.3 h6.3

12o h5.0 h2.6 h3.0 h3.7 hh.5 h5.h b6.h

18o h5.0 h2.7 h3.1 h3.8 hb.6 85.5 86.5

2&0 h5.2 h2.8 h3.2 u3.9 hh.7 h5.6 h6.6

160 O h3.9 h1.5 h2.0 h2.7 h3.h hh.3 b5.2

60 h3.8 hl.S h1.9 h2.S h3.3 nu.2 h5.l

12o h3.9 hl.h hl.9 h2.6 h3.h nu.3 hS.2

180 hb.0 h1.5 h2.0 h2.7 h3.5 un.u h5.3

2&0 hh.1 81.6 h2.1 h2.8 h3.6 hh.5 bS.h

200 0 h2.3 no.0 h0.h h1.l hl.8 h2.7 b3.6

60 h2.2 39.9 no.3 81.0 h1.7 h2.6 h3.5

12o h2.2 h0.0 h0.h hl.0 h1.8 h2.6 h3.5

18o h2.3 no.1 hO.S h1.l hl.9 h2.7 h3.6

2h0 h2.h no.2 h0.6 hl.2 82.0 82.8 h3.7

280 o ho.h 38.2 38.6 39.2 no.0 no.8 h1.6

60 h0.3 38.1 38.5 39.1 39.9 h0.7 hl.5

12o ho.h 38.2 38.6 39.2 39.9 h0.7 h1.6

18o ho.u 38.3 38.7 39.3 no.0 no.8 h1.7

ohn Ln : 2R h an 7 29 h no-1 no-9 h1-8
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depends on (1) the partial derivatives of yield with respect to each

of the factors considered and (2) the predicting ability of the

equation both of which often depend on several of its coefficients.

To omit certain terms of an equation may reduce the meaningfulness

of these derivatives in terms of biological premises. The omission

becomes more disturbing and the probability of drawing unwarranted

conclusions increases as the size of the coefficient of the omitted

variable becomes larger. If the coefficient is of considerable size,

it may be meaningful in an economic sense though a large standard

error may indicate that it does not differ significantly from zero.

ESpecially in connection with polynomials, it has been common practice

to omit an independent variable if its coefficient proves to be in-

significant at some arbitrary level and then refit the equation.

Though in a strictly statistical sense this may appear to be an

appropriate practice, economic considerations indicate the danger of

erroneous or unwarranted conclusions.

in alternative approach to the problem of statistical reliability

is to measure the reliability of the partial derivatives. In this

way confidence levels for an economically'meaningful portion of the

expression could be stated. A derivative used in locating an economic

optimum may be statistically questionable although some of the co-

efficients entering into the partial derivatives are significant.

Conversely, statistically significant derivatives, based in part on

statistically insignificant coefficients, would be useable. Measure-

ment of the reliability of a derivative at a point is complicated by

the fact that such measures are functions of the reliability of both
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the input coefficients and of the output or yield at that point.

Statistical methods for determining the standard error of partial

derivatives for the equations commonly used in fertilizer response

experiments are not yet developed.

Despite the lack of a statistical measure of reliability, the

partial derivatives of the three-variable Carter-Halter function,

with reSpect to both phosphorus and potassium, are regarded as insig-

nificant. This conclusion is based on the statistical insignificance

of all of the coefficients involving these variables as well as their

illogical signs.

One Variable Function

because of the lack of a significant responses to phOSphorus and

potash, the Carter-Halter function was refitted with the P and K terms

omitted. The following results were obtained where N is measured in

twenty pound units:

. .1862 1
I - 39.71 (m + 0.1) 7 .9623o(‘ * 0'1)

The "b" value (.1862?) is less than one indicating that the total

physical product (yield) rises at a decreasing rate and the "c'I value

(.96230) is also less than one insuring that the total physical product

will eventually decrease. This conforms to the relationship apparent

in the data. Figure 2 shows the scatter diagram of yields as a function

of nitrogen applications. The check yield denoted by this function

is 25.8 bushels which compares favorably with the average yield of

26.3 bushel for plots receiving no nitrogen. The function shows the
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OBSERVED YIELDS OF CORN RESULTING FROM VARYING LEVELS OF N, P205

ANu K20 VARIED EXPdRIMENTALLY FOR EACH RATE OF N. KALAMAZOO
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marginal physical product to be Large at the smaller application and

equal to zero at 85 pounds of nitrogen with a yield of hh.2 bushels

of corn.

The coefficient of multiple correlation (R) is .688h. Forty-seven

percent of the variance is 'explained by" the function (see Table I for

comparisons with the three-variable functions). The 't" values for

the coefficients are 9.76 and 5.7, both highly significant. The F

ratio of variance in regression is ll2.h3, far in excess of any of

the previous equations. On the basis of these statistics, plots of

the function against the other functions and the Observations, and

the discrepancies noted among coefficients of the three-variable

equations, this equation was accepted to be the most nearly character-

istic of the observed relationships. Predicted yields and marginal

products using this prediction equation are given in Table VI, utiliz-

ing rates similar to those of Table V.

"3 Solution for Optimal Application

In solving for the optimal amount of nitrogen on the one-variable

”prediction equation previously developed, the problem is in principle

identical to that discussed in Chapter II though the mathematics of

the solution becomes somewhat more involved.

For illustrative purposes, a price of $1.20 per bushel for corn

and 12 cents per pound of nitrogen will be considered. The prices

used are at this point quite immaterial. The appropriate price to be

used for the product is the expected price at the time of harvest or



TABLE VI

OBSERVED AND PREDICTfiD XIELDS AND MARGINaL PRODUCTS FROM 0N3 VARIABLE

CARTER-RALTER EQUATION, CORN, KALiMAZOO SANDY LOAM SOIL,

SOUTHWESTERN MICHIGAN IN 1955

 

 

average Predicted Predicted

of Actual Number lield of Marginal

nger Acre Yields of Plots Corn* Product

m Bu A W Bu A Bu A

O 26.3 18 25.8 27.10

20 no.6 2h 38.2 5.65 .

b0 h3.5 1h hl.8 2.29

80 h3.h 29 hh.l .35

120 -- -- hh.o -.33

160 h2.8 l8 h3.0 -.65

200 -- -- h1.5 -.81

2&0 b0.7 27 39.8 -.91

————-

‘This equation does not include P and K as variables, although these

nutrients were varied experimentally for each rate of nitrogen

applied.

when the product is to be sold. The price of the fertilizer should

include not only its purchase price at the time of application but its

8

cost of application as well. The input units in the prediction

 

8

Cost of application is, in a sense, a fixed cost as it does not

increase appreciably with the rate or prOportion of fertilizer

changes. The choice is to apply or not to apply fertilizer. Only

if the net revenue from use of fertilizer is greater than the cost

of application at any point will it be profitable to make an appli-

cation. The most profitable point is then given by the price ratio.

If the application is on a custom basis, where price plus application

is the same regardless of the rate, the price ratio varied on this

aggregate price should be used.
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equation are twenty pounds. Thus, the price per pound of m is multi-

plied by twenty giving a price ratio of i'gg or 2.0.
 

Starting from the equation as previously derived,

1 .. 39.71 (1» + o.1)°18627 .96230N

The marginal product of (m + 0.1) is given by the derivative:

15627 N + 0.1
I!

. o '8'0: + 0.1) . 39.71: [(94 + 0.1) .96230 1n ,95230 +

_ .L'l

.96230N + 0.1 (m + 0.1) U 373 .15627]

Simplifying this derivative and setting it equal to the price

ratio gives:

39.71 (.96230N + O°l(m +'o,1)°1562') (.0387h + (m + 0;)"1

.1862?) - 2.0

Solution of this equation, for the optimal (h + 0.1), is accomp-

lished by mewton's method of successive approximation.9 2 first

approximation of the desired root of the above equation is obtained

successively closer
graphically. .gfter the first approximation, Xi,

approximations can be found to the desired accuracy from the following:

 

 

2— + In 6

3h +-1 3 xi - xi + m

b b
Eln c +_—-—.]2 _ .1! b X‘ b 2 b

X. o l - --1 xi aXl c [(In c + Xi) Xig

where m equals the price ratio.

The first approximation, found by using a graphic determination,

of the solution of the equation, is 2.25 units. With a price ratio

of 2.0 the second approximation determined by using the above

 

Rd. E. Smith, meyer Salhower and noward K. Justice, Unified Calculus,

(New Iork: John Wiley and Sons, Inc., 19M), pp. 186.
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expression is found to be 2.13 units. it 22 pounds of N [(N + 0.1)20]

per unit less 2 = 20(0.l) the optimum application is hh.86 pounds of

nitrogen per acre. The yield at this optimal rate is found by sub-

stituting this value of N into the original equation. In this instance

the optimal predicted yield is h2.l3 bushels per acre.

The solution found in this way is a solution giving the greatest

profits under the assumed price conditions. If these prices are not

appropriate the solution is not apprOpriate. If the cost of nitrogen

decreases as a cheaper source of nitrogen such as anhydrous ammonia

is used, the optimal application becomes greater. This points out a

shortcoming of recommendations which do not take into account prices

and changes in prices. Table VII gives the application which would

result in maximum profit and the resulting yields, under varying

price situations. The importance of price considerations in determin-

ation of optimal fertilization is brought out by the wide range of

the recommendations under different price conditions.



TABLE VII

MOST PROF TasLE APPLIClTION sun PREDICTBD IIELD 0F CORN UnDER

VARIOUS PI 03 CONDITIONS ESTIHaTED FhCH Our VisIAsLE

ClRTER-RALTAR EQUATION, hiLthZOO SANDY L0.a,

SOUTstsTaRN MICHIGsN IN 1955

 

 

 

Price of Corn Price of 8: Optimum application Predicted

per bu. per pound of h yield

(lbs L281“ .1.) (cu. per .:'-.)__

82.00 a .18 LS.S t2.hh

.15 53.6 h2.83

.12 59.6 b3.20

.09 67.0 £3.56

.06 76.1 h3.87

1.60 .18 b2.3 h1.68

.15 87.1 L2.32

.12 53.5 b2.82

.09 61.h L3.29

.06 71.3 Lh.28

1.20 .18 3h.5 LO.9h

.15 38.6 h1.h6

.12 b5.o L2.13

.09 53.5 £2.62

.06 oh.h h2.89

.80 .18 2b.? 39.30

.15 29.0 L0.1O

.12 3’45 11.0.9b.

.09 h2.3 L1.88

.06 (1.11 L320

.ho .18 12.0 35.6h

.15 1h.8 36.69

.12 18.8 37.E

.09 2h.7 39.30

.06 3h.5 £0.9h
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CHQPTER'V

MEANING AND USE OF THE EXPERIMENTALLY DERIVED ESTIMETES

The data derived from the field experiment were analyZed in the

previous chapter. in appropriate production function was derived

and the most economic fertilizer applications were determined for a

wide range of input and product price situations. In the present

chapter the meaning and usefulness of the derived estimates will be

investigated from the standpoints of the farm operator, the economist

and the agronomist. Also the results obtained from this method of

analysis will be discussed and compared to the results obtained by

using a more conventional method as shown by Odland and Allbrighten

and discussed in the first chapter of this thesis.

Discussion of Results Obtained

The field experiment from which the present data were secured was

designed to determine the economic use of fertilizer for a corn, oats,

wheat, alfalfa-brome rotation. The results analyzed are for only one

of these crops, corn, and for the first year of the rotation. The

weather experienced during the crop year was unfavorable for corn.

Although this was not an extremely unusual occurrence, 1955 must be

considered a unique corn year. This is probably true of all crop

years. For this reason experimental results for one year are never

an adequate basis for inferences about future crop years. Optimal

fertilizer rates based on these data result in.maximum profits for



61

only 1955 conditions. The problem encountered in securing production

functions which have reliability over time will be taken up in the

succeeding chapter. .

DeSpite the uniqueness of one year's data, there are statements

of significance that can be made from the first year results of the

experiment.

For a year such as 1955, it was found that the corn responded

significantly only to additions of nitrogen. This may have been due

to the unfavorable growing conditions occurring during the late summer.

Interpretation of Results Obtained for Farmers -- Though, in

general, results obtained from this analysis cannot be used for future

crop years they have important implications for farm operators.

The current fertilizer recommendation for corn made by the

Extension Service for this soil type, in this climatic area, is 200

pounds of 3-12-12 fertilizer.1 This recommendation is for row'appli-

cations and should be approximately doubled for the broadcast appli-

cations used in the field experiment. Therefore, the recommended

amounts are 12 pounds of N, h8 pounds of P305 and h8 pounds of K20.

If the recommendations had been followed for the experimental

year, the investment made in phOSphorus and potassium would have been

lost as far as returns from the immediate crop were concerned. ‘With

P205 and K20 costing ten and eleven cents per pound respectively, the

residual P205 and K20 left in the soil cost 10.08 dollars per acre.

 

1

Porter, gt 3.1., pp. cit.
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The expenditure on nitrogen would have returned a profit on its cost

from the immediate crop. Nitrogen earnings, however, would not have

been large enough to cover the cost of all three nutrients. Problems

of carry—over effects of fertiliZer will be discussed further in the

next chapter.

The twelve pounds of nitrogen would have brought about a yield

increase of approximately 9.5 bushels of corn per acre. At al.20 a

bushel the increased yield was worth $11.b0. With nitrogen valued

at 3.15 per pound the net return, above nitrogen cost disregarding

costs of application and of harvesting the added yield, would have

been about $9.60. however, if the optimum application of nitrogen

had been used, the return would have been still greater. With corn

valued at $1.20 per bushel and nitrogen at 3.15 per pound the most

profitable application was 39 pounds per acre at a cost of $5.58.

The resulting increased yield is estimated at 15.8 bushels with a

value of $18.96. The net return for the applied fertilizer is $13.11

which is a $3.51 greater profit per acre from use of the optimal amount

over the recommended amount. This difference in profits occurred for

what was considered an unfavorable growing season. With a more favor-

able growing season the difference would probably be even greater.

If the recommended amounts of phOSphorus and potash had been applied,

the results would have been even less favorable for a part of the cost

of the phosphorus andfpotash at least would have to be subtracted from

the return Obtained from nitrogen.



 



The importance of applying the optimal amounts of fertilizer

can easily be seen from the standpoint of the farm operator. Hhat

level of fertilization represents the optimal level for the average

year or for other kinds of years is not known at this time. Further

experimentation is needed for making such determinations.

It must be kept in mind that the present results are based on

broadcast applications and that different production relationship

would be expected for other application methods.

This analysis, for the first year, also indicates that it will

not be sufficient to know the optimal application for different price

situations for the average growing season. It will also be necessary

to have a probability distribution of returns secured from different

years if the farm operator is to adjust his fertilization program to

his particular capital position in view of the risks and uncertainties

involved. Even if the Extension Service's recommended fertilization,

given earlier, proves optimal for an average year under average

price COnditions, this recommendation did not result in maximum or

near maximum profits fOr 1955. For this particular year, the recom-

mended amounts of phosphorus and potash were too high and that of

nitrogen too low. For another year this situation may change entirely

and the amounts of all nutrients may be too low or too high. Farmers

need to know something about the probability distributions of these

functions over time. A farmer may choose to invest in alternative

enterprises in which the certainty of the desired return is greater,

or conversely, he may be in a position to "play the odds" for greater

gains.
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V” Significance of Results from an Economic Standpoint -- The re-
 

sults obtained from the present analysis have determined the optimal

fertilizer rates and ratios for the 1955 crop year. These results

constitute one annual observation of the total number to be obtained

from which a probability distribution of annual yields and returns

can be computed. For the time being, lack of returns to phOSphorus

and potassium can be considered due to the unfavorable weather

experienced. however, if a similar lack of reSponse shows up in a

large percentage of the years, it will have very real and important

economic consequences in terms of profit maximization.

The least-cost combination of nutrients was computed from the

results of the field eXperiment. This combination is somewhat unique

in that it contains only one of the three nutrients studied and

remains the same for all yield levels. The stability of this relation-

ship can be determined only after further investigations are made for

future years.

The possibility of opportunity costs must also be considered

from an economic standpoint before the recommendations can be used

by farmers. Under the usual capital situations of most farmers it

is possible to make expenditures in alternative enterprises, within

the business, and realize varying rates of returns. Expenditures on

fertilizer must return a rate which is at least as great as that for

any other possible expenditure if profits for the whole farm unit are

to be maximized. In Chapter II the Optimum condition, without

capital restrictions, was stated as the application where the marginal



product multiplied by the product price is equal to the cost of

adding another unit of input. In this case, the cost was considered

to be the price of a unit of input. When opportunity costs are being

considered, the price of the input is its earning power in the highest

alternative use.

As an example of the presence of an opportunity cost condition,

a situation may be considered whereby a farmer is able to realize a

return of $1.10 on a dollar expenditure on some other enterprise,

.e.g. for protein supplement fed to beef cattle. The appropriate

fertilizer cost then becomes its price per unit multiplied by 1.10,-

as a dollar would earn $1.10 if Spent for protein supplement. The

optimal condition can then be written as:

PI (MPPX) = 1.1 (PX)

where X is the fertilizer input and I the product. The marginal value

product given in this expression includes not only the value derived

from the increment to the crop, but also the residual value of the

applied fertilizer as well. The problem encountered in placing a

value on this residual will be discussed in the following chapter.

V/I Significance of Results from an Agronomic Standpoint -— The
 

results obtained from the field experiment of primarily agronomic

interest is the lack of response to phosphorus and potassium and the

positive response to nitrogen that occurred. The unfavorable crop

conditions prevailing during the late stages of the season are assumed

to have limited the yield to the extent that phosphorus and potassium

did not become limiting enough for responses to occur. The use made
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of nitrogen indicated that the soil was unable to furnish adequate

amounts of this nutrient for even the low yield attained.

A further agronomic consideration which is also of interest to

economists but not reported in this study is the extent that the

soil test results are associated with the responses not associated

with the independent variables evident in the data.

The results of this study point out the need for more satisfactory

soil test measures of plant nutrients, eSpecially nitrogen. Also

shown to be needed are improved measures of the various factors

which contribute to the unexplained variations in yields. As yet the

technical relationships that exist between yields and the various

factors of productinn are relatively poorly understood. There is

need for more abstract thinking, to develop more fully'tiese relation-

ships and the implications of them.

V/ Significance of Results from a Statistical Standpgint -- The out-

standing statistical characteristic present in the plot data is the

large unexplained variances. The problems presented by the large

variances were evident in the difficulty experienced in a choice of

mathematical function used to express the existing relationships.

A further discussion of the problems presented by large variances

and methods of overcoming their effects is given in the following

chapter.

The coefficients derived for the nitrogen terms, when nitrogen

was considered alone, were found to be significantly different from

zero at the one percent level, for all of the functions used. The
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terms involving the phOSphorus and potassium coefficients lacked a

dependable level of significance. The problem encountered of deciding

whether or not an input variable effects output significantly was

discussed in Chapter III. In this analysis the phosphorus and

potassium inputs were considered to lack a dependable level of sig-

nificance in explaining yield differences and were omitted from the

analysis.

The discussion in Chapter III has pointed out the statistical

need for a measure of confidence limits of the derivative of the

derived production function. This confidence measure is needed to

determine the reliability of the derived optima for use of both the

economist and the farm operator using the results. A further statisti-

cal need is for a more objective means of choosing among alternative

production functions.

_/

Comparison of Results by Conventional Techniques

It is interesting to compare the analysis in this study with

Odland's and Allbrighten's2 analysis technique which was discuseed in

Chapter I. Their method, essentially, compares average yields of 1

plots receiving increasing amounts of the variable nutrients. The

optimal level of each nutrient is found by examination of data for

the different nitrogen treatments without regard to the levels of

the other variable nutrients. There are few precise economic criteria

or sets of statements given for defining the optimal application.

 

2

T. E. Odland and n. G. Allbrighten, 32. git,



"N
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The average values are judged as to their relative profitability

primarily by inSpection and conjecture.

In applying their procedure to the data used in this study, the

yields of corn are grouped in order of increasing amounts of appli-

cation of nitrogen, phOSphorus and potash applied in the fertilizer,

together with the number of Observations in each group in Table VIII.

TAnLE VIII

AVER;GE rmLD or com: (mover-n Acconnme T0 INCREASING AMOUNTS OF N,

P205 and K20 APPLIED, WTTH.NUMBER or OsSERViTlONS IN EACH GROUP

KALAMAZOO SANUY LOAM SOIL, SOUTHWESTERN MICHIGAN, 1955

 

 

number of Average Yield

Nutrient Level lbs/a Observations in Bujh <___

m o 18 26.3

20 2h h0.6

to 1b h3.5

8o 29 h3.b

160 18 u2.8

2uo 27 no.7

P205 0 18 32.2

to 2b 38.3

80 1h h3.1

160 27 no.0

320 17 hl.3

h8o 3o h3.2

K20 o 18 31.h

20 2h h3.3

b lb 39.9

80 28 h0.5

160 16 39.5

zuo 3o h1.8

From the results shown in this tabulation it appears that reSponses

occur to all three of the variable nutrients and, hence, all should

be applied for a profitable return. ‘From the evidence available,
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it appears, using their methods, that to pounds of n, 60 pounds of

P205 and 20 pounds of K20 per acre seem to result in the most profit-

able yield.

Although this method of analysis has a great computational

advantage over the function estimation technique, the results are in

error. The lack of a response to phosphorus and potash is not revealed.

Furthermore, the most profitable application is not readily defined

and remains obscure.



CHAPTER VI

PROBLEMS INVOLVED

In Chapter IV, data from the field experiment were analyzed

and economically optimum applications were derived for varying price

conditions. The meaning and usefulness of these results were discussed

from various standpoints in the preceding chapter. Various prdblems

occurred when analyzing and drawing economic implications from the

data produced from the field experiments. These problems will be

considered Specifically in the present chapter. Though some of these

problems are unique to the type of analysis carried out in this thesis

most of them are present regardless of the type of analysis used.

However, the refinement in functional analysis brings to light prob-

lems often overlooked or ignored in other less precise methods of

analysis.

Analysis Over Time

As previously stated, the results of the first year‘s experi-

mentation, described and analyzed in the preceding sections, cannot

be used indiscriminately for making predictions for other years.

The derived production function is only a first approximation to a

long run, average production relationship for the three variable

nutrients and yield of corn under the Specified conditions. If the

conditions which generated the present data.could be expected to hold

for future crop years, the application found to be most profitable
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for the past year would be expected to be the most profitable for

the future crop years. as 1955, like all years, was somewhat unique,

further experimental work will be needed before the average pro-

duction relationships and their behavior over time will be known.

When the relationships are studied in a time sequence such factors as

weather differences, rotation effects and accumulation and depletion

of soil productivities become important considerations.

”Weather Variations Over Time -- As fertilizer-yield relationships
 

are studied over a period of years, weather differences will cause

variations in the results obtained. Yield variation due to weather

factors will differ in intensity with different climatic areas, crops

and soils. The long run average production function is not an adequate

basis for making annual decisions. It is also desirable to have

information on the probabilities of the various possible outcomes.

The probability distribution of returns ‘is of importance as an aid

to the determination of the degree of risk and uncertainty involved

in a fertilizer program. The variance about the average production

function should be broken down into between years and within years

components. With a quantitative knowledge of these distributions a

farmer can make adjustments to counteract their effects--he will be

in a better position to "play the odds."

As each year's data are obtained, additional production functions

can be estimated. Each such function is an estimate of the true

production relationship under the conditions generating the yield

data. Subsequent reformulations of the "average" production function
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based on successive accumulation of annual data will approach the

long run average production relationship. In this way, each year's

estimate of the production function will contribute to the final

formulation of the relationship and to the probability distributions

of annual functions about the long run average functions.

The average functions will exhibit characteristics through their

general form, or type, and their estimated parameters that are

directly applicable only to the average general conditions present

in the experimental situation from which they were derived. The

standard error of estimate for an observation for the average function

will probably be greater than for an observation on one of the com-

ponent relationships owing to the greater yield variability occurring

over time. however, the deviations of the annual functions from the

long run average function may not be large. Only empirical investi-

gationwill reveal how the economically optimum applications will

vary from year to year.

Problems of Rotation Effects Over Time -- To analyze the role of
 

fertilization in the total farm program, rotation effects must be

considered in addition to annual fertilization of single crops. A

farmer formulating a fertilization program for his farm should make

decisions on the basis of all crops grown in the rotation not for

just a single crop.

Also of importance to the farm operator are predictions of the

interaction effects between fertilizer rates, ratios and crop

sequences. Decisions as to the economically optimal rotation depend,
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in part, upon the relationships between yields of various crops in

the different rotations and the fertilization program.

Most field experiments designed to study the fertilizer-yield

relationship have lacked provisions for studying rotation effects.

The emphasis, instead, has been on the derivation of a production

function for a single crop. Though the data necessary to study the

interaction effects of fertilization and crop sequence have not been

accumulated yet, the study being conducted in.hichigan, of which the

corn data analyzed herein are a part, is designed to obtain some

measures of pertinent interaction effects for the particular rotation

under study. Application of all of the rates and ratios, indicated

by the design presented earlier, is being made to all crops in the

rotation. The response of the different crops to the applied nutrients

and to the residual nutrients, applied earlier in the rotations will

be measured and analyzed subsequently.

If it is found, for inStance, that corn responds greatly to

nitrogen but not to phoSphorus or potash while alfalfa-brome responds

to phosphorus and potash but not nitrogen, important and profitable

adjustments in fertilization patterns will be called for.

After sufficient annual data have been collected some of these

interactions will become known and redesign of the rotation experi-

ment may be called for.

Problems of Fertility Buildup and Depletion Over Time -- Closely

akin to the problem of rotational considerations discussed in the

previous section, are the problems brought about by fertility build-

ups and depletions which occur as fertilization programs are carried

on over time.
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This is essentially an accounting problem. Values must be

placed on beginning and ending inventories of fertilizer nutrients

in the soil. Evaluation of such nutrients necessitates two types of

measurements. ‘Eipgt the nutrients must be measured or tested. is

yet soil tests give poor indications of the fertility level present

in soil. The results Obtained from such tests are mainly used as

indexes of the fertility levels, for the immediate present. The

ggggpdzmeasurement problem is that of measuring the value of the

nutrients in a soil in terms of their productivity potentials for

different crops. Current market prices of the nutrients may be mean-

ingless for nutrients in the soil. Such nutrients are fixed. Their

value in production should be measured, through experimentation, in

terms of their ability to produce growth in subsequent crOps.

The original fertility levels varied widely from plot to plot

over the fields on which the current experiments were run. Steps

will be taken to include these measurements in subsequent analyses

of these data. The study also provides for soil tests after each

crop in the rotation is harvested. hence, some at least of the basic

measurements for studying the problem of fertility accumulation and

depletion have been made.

Variance Prdblems

Large between-plot variances not associated with the independent

variable are present in the experimental data. These large variances

are characteristic of a11 fertility research. In these experiments,

these large variances are reflected in the low coefficients of multiple
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correlationobtained for the function fittings and are evident on

inspection of the experimental results given in the Appendix. These

variances present problems (1) in selecting the appropriate mathe-

matical function to fit and (2) of accuracy of optima located on the

selected functions.1 '

The variance present in experimental data are believed to be

larger than those experienced on the farms to which the results are

applied. If this were not the case, i,g., if variances on the experi-

mental plots were not at least as large as those existing on farms,

the experimental results obtained would have very limited usefulness.

Thus, the problem is to reduce the variance in the experimental

results to more closely conform to that of the farmer‘s fields enabling

the economic optimal conditions to be stated more precisely.

Potential methods of solving this very troublesome problem in-

clude (1) averaging out the variance by replication and larger

experimental plots, (2) measuring and studying the causes of variance,

(3) selection of form free functions and (h) placing more stringent

controls in experimental procedures on the causes of variance. At the

present time it appears that a combination of these several means

will ultimately prove more effective than any one of them used alone.

Averaging Out Variance - The large variance can be averaged out
 

in two ways: by replication and by increasing the size of the

 

1

- Glenn L. Johnson, "A Critical Evaluation of Fertilization Research,"

paper read before Western Farm Management Research Committee Meet-

ing, Corvallis, Oregon, March, 1956.



individual plots. Basically these two methods are similar. When

.the causes of variance are randomly distributed throughout the

experimental area the use of larger plots will be successful. To

the extent the causes of variance are not randomly distributed but

are correlated between adjacent small plots replication of plots

becomes relatively more effective than larger plots in reducing

variance. is the correlations between adjacent plots are not perfect

and as there are some economies to plot size, a compromise will prob-

ably be found to be the most satisfactory means of reducing between

plot variance in yield data. The success of using both larger plots

and more replications depends in part on the amount of additional

variance introduced in going to larger experimental fields to accommo-

date the larger plots or added replications. In view of their im-

portance in economic analysis, it appears unwise to cut the number of

treatments substantially below the number in the present experiments

in order to avoid larger fields.

If the size of the harvested area were increased some of the

added variance in larger fields would be averaged out within each

plot and the standard error of estimate might be reduced. Farmers

operating with large fields, it appears, must experience a much lower

standard deviation of expected yield than found with small experimental

plots. It may be possible to overcome the difficulties, presented by

large between-plot variances, by the use of much larger plots in

experimental work. By encompassing within the plots more causes of

variance and averaging out their influences easier selection of appro-

priate functions may result. it the same time, the experimental
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conditions could, with care, be made more like those on typical farms

in the sense that more of the variability common to all of the farms

to which results are applied would be present in the experimental

plots and in the sense that the causes of variance would have about the

same average for both farm and experimental conditions. Empirical

evidence is needed to investigate the relative value of these pro-

cedures.

Measuring and Studying Causes of Variance -- This means of handling
 

experimental variance is a very useful one provided such measures can

be devised and incorporated in the analysis thereby reducing unexe

plained variations. This method requires improved means of measuring

the factors of production which introduce the unexplained variance

in yield results. Also called for is a more definite understanding of

the technical relationships that exist between yield and the various

factors of production.

Control of the Causes of Variance -- This method of reducing
 

variance has been emphasized by all scientists including agronomists.

It consists of placing experimental controls on the causes of variance

so as to isolate the influence of the independent variables being

studied. In carrying out this method, serious questions of appliC-‘

ability can result because the experimental situation may be made so

unique by he controls that it will not correSpond to farm situations.

Fitting Form-Free Functions - This method consists generally
 

of estimating discrete points of the response function with little

regard to the shape of the surface except that the function is
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generally concave. This method seems to avoid the problem of select-

ing appropriate functions in the presence of large variances rather

than of reducing those variances.

Representativeness and Applicability of Derived Functions

A production function derived from a field experiment is repre-

sentative of the experimental field from which the results were

obtained. Any experimental field, regardless of how well chosen, has

associated with it certain fixed factors more or less unique to it.

Because of this, the problem arises of applying the results obtained

from unique experimental conditions to farmers' fields.

The problem is further intensified by choosing experimental

fields in such a way as to minimize within field variability. This

minimization is desirable if the factors whose variability is

minimized average near the average for a significant number of farms.

but this is seldom the case. For example, soil type which is so

rigorously controlled in the experimental area is not and cannot be

controlled on all farms using the results of the experiment or even

on a single farm field. If larger experimental fields and/or more

than one field were used, more of the variability known or assumed to

exist under a given soil type, or types, to which the results are

to apply would be encompassed within the experiment. This would

tend to insure that the average level of the uncontrolled factors

would correspond in experimental and farm fields. The experiments

 

2

hildreth, pp. git.
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would then "average out" a range of differences that exist in dif-

ferent soils and different fields in such a way as to be more

comparable to conditions existing on the farm fields permitting the

derived production functions to have a wider range of application.

Extending the experimentation in this manner, while increasing

the usefulness of results, will also increase the amounts of variance

not associated with the independent variables. Therefore, it may be

difficult or impossible to obtain accurate or reliable estimates of

the production function even with increased numbers of observations.

Larger plots and/or replications, or the methods previously discussed

may overcome this problem. The practicability of these considerations

is in need of empirical investigation.

In some ways increased usefulness has been accomplished by defin-

ing the applicability of the derived function, thereby allowing the

preper choice of production equation to be made by the farmer. This

is done by defining the crop grown, soil types, geographic area to

which the particular equation is relevant, and the general cultural

practices adherred to. If these conditions are beyond the limits

of adjustment for the farmer, he must (1) use another function better

suited to his conditions, or (2) adjust his conditions to fit the

given function. But there are a great number of factors over which

the farmer has no control and which are fixed at differing levels

than are present in any of the experimental fields. In this case the

farmer cannot adjust his conditions to come under a particular

function or choose another function altogether, for his conditions
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are different than those used to derive the various defined experi-

mental functions. Thus by over-specification of experimental con-

ditions the derived functions are applicable to only a few farm

conditions and the farms not meeting these conditions are unable

to use the results.

Other means of making the results obtained from unique experi-

ments applicable to farm conditions are (1) by synthesizing the farm

conditions from results of different experimental conditions and

(2) by interpolation between the results of two or more experimentally

defined sets of conditions. The use of either of these methods in-

volves a larger degree of subjectivity than other methods but may

for the time being at least be the most practical.

The problem of applicability of results is present regardless

of the analysis of results used and hence is not unique to a regression

type, designed to study the economic implications of the experiment.

Problems of Selection of Specific Functions

The selection of a specific mathematical function to describe

the fertilizer-yield relationship is often difficult, especially when

large unexplained variances are present in the data. The discussion

of this problem has been taken up in Chapter II, and procedures for

making a choice of function are demonstrated in Chapter III.



CHAPTER VII

SUMMARY AND CONCLUSIONS

Current fertilizer recommendations generally reflect inadequate

attention to economic considerations. Although much research has been

carried on in the past to promote efficient use of fertilizer, this

neglection of economic considerations still remains. Some past effortsgl

have been directed towards methods and rates of application which

maximize yields, an aim which is often inconsistent with profit maximi-

zation. Profits are increased only so long as the cost of adding

fertilizer inputs is less than the added return.

Inadequacies of past empirical work on the determination of optimum

amounts of fertilizers include: (1) studying only one nutrient or

ratio of nutrients at a time, (2) using rates of application too low

to locate the point of maximum profit which may range up to the point

beyond which total product does not increase as more fertilizer is

applied, and (3) the emphasis on studies for investigating responses

to discrete treatments and relating these treatments to soil character-

istics, rather than on continuous response surfaces.

As the data needed to determine more accurately the optimum rates

and combinations of fertilizer nutrients to use have generally been

lacking, a project was sponsored jointly between the Department of

Agricultural Economics and Soil Science of the Michigan State Experiment

Station. Members of both departments took active part in nearly all
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phases of the project, including the design of the field experiments.

The need for considering fertilization of a crop in view of the

interactions within rotations and changing fertility levels is known

but economic study of these considerations has been often overlooked.

The data produced by these experiments permit more adequate analysis

of fertilization rates, ratios, and ultimately, of crop sequences

and fertility residuals. The variable nutrients studied are N, P205

and K20 with all other factors of production either fixed or allowed

to vary randomly. The crOps involved are corn, oats, wheat and an

alfalfa-brome mixture. Only the corn data are analyzed in this thesis.

The analysis of these data is based on the concept of a continu-

ous mathematical production function. According to this concept,

yield responses to different fertilizer nutrients may be described

by a continuous mathematical function which treats yield as a dependent

variable and the different fertility nutrients as independent vari-

ables. After such a mathematical function is derived, various economic

maxima can be found by well-known mathematical operations. The law

of diminishing returns, which is empirical in origin, insures the

necessary second order conditions for the existence of the economically

optimum points. The Optimum applications occur' where the value of

a decreasing marginal product (first partial derivative of yield

with respect to an input) is equal to the cost (price, under perfect

competition) of adding another unit of input. A principle advantage

of using continuous mathematical functions is that estimates can be

made for all conceivable levels of input within the experimental

ranges rather than for only a few discrete points.
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The problem of choosing a particular mathematical function to

fit involves some objective tests or criteria but rests importantly

on the experience and judgment of the researcher. This weakness

in functional analysis points up the need for theoretical statistical

work. Other mathematical work is needed on appropriate functions to

describe the experimentally derived production relationships. also,

statistical work is needed on the problem of placing confidence

limits on (1) the derivatives of these functions and (2) the economic

optima determined with derivatives.

Four three-variable functions were fitted to the experimental

data. After applying various statistical tests and less objective

criteria, it was decided that the best fit was obtained by using the

Carter-Halter equation of the form:

V b ‘ .b K

x 3 atm 1 c1“ sz c2P K 3 ca

where I is yield and N, P205 and K20 are represented respectively by

m, P and K. Coefficients of the N terms were found to be significantly

different from zero at the one percent level. Coefficients for the

P and K terms, however, lacked a dependable level of significance.

Primarily on this basis, but also because of inconsistencies in the

signs of these coefficients, it was decided that the additions of

phosphorus and potash had no significant effect on yield. The least

cost combination of nutrients was thus found to contain only nitrogen,

with no applications of phosphorus and potash called for.

The equation was refitted using only nitrogen as an independent

variable. The coefficients of this equation were all found to be
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significant at the one percent level and the relationships expressed

in the function were also evident in the plottings of the observed

yields. The derived coefficients for the one-variable equation were

very similar to the nitrogen coefficients of the three-variable

equations.

The solution for the optimal quantity of nitrogen to apply was

shown to be dependent upon the prices of both nitrogen and corn.

For the profit maximizing application, the partial derivative of yield

with respect to nitrogen is equal to the price ratio of the nitrogen

and corn. Solutions for such optima, presented for a wide range of

price variations, were found to vary from a low of 12 pounds to a

high of 76 pounds per acre.

An empirical production relation on which to base fertilizer

recommendations should be based on experimental data for a period of

years. Such data would permit an average production function to be

derived which would "average out" between year variations. Such data

would also make it possible to estimate the probability of deviations

from expected returns as well as expected deviations from the recom-

mended amounts of fertilizer to use. This information would permit

farmers to adjust their fertilization program to their particular

capital positions in view of the risk and uncertainty involved.

For 1955 it was found that the recommended fertilization appli-

cations were far from the applications which would maximize profits

if the values of residual fertility left in the soil as a result of

the fertilizer applications were not considered. Even if these
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residual values were considered, the recommended rates would not be

optimum.

Large variances in yields not associated with the independent

variables were experienced. Statistical and experimental procedures

are needed to overcome the effects of large variances. Among the

procedures holding some promise are (1) use of more replications or

of larger experimental plots to average out the causes of variance,

(2) measuring and studying the causes of variance and incorporating

this information into the analysis, (3) selection of form free

functions as a means of avoiding the difficulties brought on by large

variances, and (h) placing more stringent controls in experimental

procedures on the causes 6f variance. It appears that a combination

of these several means will ultimately prove to be more effective

than any of them used alone. Soil tests and their place in the study

of unexplained variance are very important aSpects of the problem.

Also needed, in this connection, is a better understanding of the

technical relationships that exist between various factors of pro-

duction.

Another problem in research underway in fertility studies is

representativeness of experimental fields in terms of applicability of

the results obtained. This problem is closely related to the variance

problem. Each experimental field is more or less unique to itself‘

and each farm to which the results are applied has various character-

istics that differ from those of the experimental field. It appears

that if larger experimental fields and/or more than one field were
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used, more of the variability known or assumed to exist within the

farm fields, to which the results are to apply, would be encompassed

within the experiment. The experiments would then ”average out" a

range of differences more comparable to the range existing on the

farm fields permitting the derived production.function to have a

wider range of application. The practicability of these considerations,

in vieW'of the increased variances which would probably be encountered,

I

is in need of empirical investigation),
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EXPERIMENTnL YIELDS OF CORN FOR VnRYING LEVELS OF APPLICATION

OF NITROGEN, PnOSPnORUS AuD POTnSSIUM 0w

xiLimtzoo sandy LOAN SOIL In 1955

(XIELDS ARE 1N sUSHELS PER ACRE)

 

 

 

 

Pounds Pounds Pounds of P205

of N of K20 Per A

Per A Perla 0 ’ho to 160 320 "L80

0 O a 17.5

20 2h.8

ho

to 15.8 2h.5

160 22.8

2ho 31.5 35.0

2o 0 35.0

20 52.5 36.8 h0.3 35.0

h0.3 h7.3 h9.0

to h5.5 31.5

50 35.0 38.5 h9.0

38.5 ho.3 h5.5

160 26.2 31.5

2&0 33.3 38.5 h7.3

35.0 52.5 h9.0

to o

20 h2.o 56.0

b0 38.5 h0.3 h0.3 h5.5

h3.8

80 b7.3 h3.8

160 no.3 36.8 t2.o

2ho 50.8 h2.o

 

* The eleven check plot yields were:

33.3, 2h.5, 19.3, 2h.S, 19.3, LS.S.

2h.5, 26.3, 35.0, 26.3, 22.8,
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Pounds Pounds Pounds of P205

of N of K20 Per A

Per A Per A O, EC 80 4160 .320 L80__

00 0 36.8 52.5 b3.8

20 h2.0 50.8 u2.o

h0.3 h7.3 6h.8

ho 52 .5 33.3

80 h3.8 50.8 33.3 h5.5

33.3 38.5 35.0

160 38.5 29.8 52.5

2&0 L9.0 h3.8 38.5 h2.0 h3.8

h9.0 no.3 h3.8

160 0

20 119.0 35.0

ho 38 .5 35 .0 t3 .8 36 .8

80 52.5 50.8 h5.5

160 29.8 35.0 h9.0 h5.5

56.0

2&0 38.5 h7.3 b3.8 38.5

2h0 0 33.3 b3.8

20 36.8 36.8 h3.8

36.8 h3.8 b5.5

to 33.3

80 h2.0 b0.3 33.3 50.8

36 .8 511.3 ’47 .3

160 u2.0 38.5 38.5

2h0 31.5 h5.5 h5.5 52.5 h0.3

38.5 no.3 28.0



.Q“-—-. a“... ‘—

¢1-7__.a .



HICHIGRN STATE UNIV. LIBRRRIES

III“ III“ Illli III I!” llllllHllHl
312931034 8439

 


